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Power Plant Performance Number 


Plant Performance Begins with Plant Equipment 
Executive Control Vital to Steam Generation. By Douglas 
Henderson ; 
In this Article, the Chief Engineer of the Fuel Engi- 
neering Co. of New York Discusses the Various 
Problems of Economical Steam Generation. 

Suitability of Fuels Determined by Tests 
To Determine the Suitability of Fuel, Tests Must Be 
Made. This Article Not Only Enumerates the Most 
Important Tests but Describes the Procedure for 
Making Them. . 

Fuel Record Checks Plant Performance 
Means for Obtaining Records of Fuel Used; Scales, 
Weighing Hoppers, Weigh Larries, Mechanical 
Counters, and Flow Meters. 

Determination of Air Supplied to Furnace . 
Measurement of Air for Combustion is Important in 
Maintaining Efficiency. 

Furnace Operation Shown by Draft Measurement : 
Fuel Bed Conditions, Excess Air Leakage, Varia- 
tions in Load, Fallen Baffles and Soot Accumulation 
Give Characteristic Readings on Draft Gages. 

Gas Measurements That Indicate Efficiency 
Significance of Temperatures and Analysis of Gases 
in the Operation of Boilers. 

Purification and Treatment of Feedwater. By Sheppard 

T. Powell 
Present Tendencies in Methods of Testing Feedwaters 
and Their Subsequent Purification and Treatment for 
Use in Modern Power Plant Boilers are Toward Com- 
bination of Systems. 

Tests of Raw Water Involve Many Processes 
Following Regular Routine, Tests are Made by Power 
Plant Personnel and Records Kept. 

Treat Feedwater for Its Specific Duty 
An Article Discussing the Various Factors Involved 
in the Determination of the Proper Method of Treat- 
ing Feedwater. 

Testing Treated Feedwater 
Describing Methods of Determining Hardness of Feed- 
water by Titration as Well as Those for Controlling 
Feedwater Concentration by Blow-down Procedure. 

Feedwater Temperatures Show Increase 
Stage Heating and Heat Recovery Methods Mark 
Trends in Boiler Feedwater Heating. 

Measurement and Regulation of Feedwater 
Accuracy in Feedwater Measurement and Automatic 
Feed Regulation Characterizes Modern Power Sta- 
tion Practice. 

Excelsior Makes Good Water Filter 

Modern Boiler Room Control. By J. M. Drabelle........ 
A General Discussion by the Mechanical and Elec- 
trical Engineer of the Iowa Railway & Light Corp. 
on Automatic Control of Boilers. 

Measuring and Controlling Boiler Pressure 
Describing Indicating and Recording Steam Pressure 
Gages, Methods of Testing and Calibrating Them, 
Principles and Methods of Testing and Operating 
Safety Valves. 

Determination of Boiler Water Level 
Use and Care of Water Column and Gage Glasses; 
Rules for Installation; Types of Remote Boiler Water 
Level Indicators; Typical Records of Water Level 
Recorders and Discussion of Their Meaning. 

Temperature of Steam Is an Important Factor 
Types of Instruments Used; Calibration of Mercury 
Thermometers; Principles of the Calorimeter; Loca- 
tion of Sampling Nozzles. 

Measuring and Recording the Flow of Steam 
Since Steam is the Ultimate Product of the Boiler 
Plant, It Is Very Essential that Accurate Methods be 
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Known for Determining the Quantity of Steam Pro- 
duced. 

Rate of Evaporation of Boiler 
Methods of Determining the Actual as Well as the 
Equivalent Evaporation of Boilers and a Discussion 
of the Meaning of These Two Terms. 

Control of the Boiler as a Unit 
Obtaining Successful Results with Combustion Con- 
trol Equipment. 

Measurements on Steam Engines and Turbines 
Determination of Pounds of Steam Per Kw. Hour; 
Indicated Hp. Hour; Use of Indicator; Tests by 
Weighing Condensed Steam; Use of Dynamometer. 

Condenser Design and Construction Progress. By George 

A. Orrok 
In Discussing the General Factors of Modern Con- 
denser Design; the Consulting Engineer of the New 
York Edison Co. Points Out the Decrease in Cool- 
ing Surface and the High Rate of Heat Transfer in 
Modern Units. 

Maintenance Important in Condenser Operation 
Engineers Must Keep Records, Make Frequent 
Tests and Maintain Equipment in First Class Con- 
dition to Get Best Results. 

Air and Steam Measurements Most Difficult 
Describing the Instruments Necessary for Indicating 
the Actual Air and Steam Conditions in the Con- 
denser and Methods of Using Them. 

Circulating Water Supply Extremely Important 
Measurement of Quantity and Temperature of Con- 
densing Water; Instruments Used in Making Tests. 

Maintaining Correct Voltage and Frequency 
Proper Operation of Alternating Current Generators 
Demands Accurate Knowledge of the Factors which 
Effect Voltage and Frequency. 

Load, Power Factor, and Temperature Control 
Economical Loading of Electric Generators Demands 
Consideration of Individual and Grouped Efficiencies 
of Units. 

Electric Distribution Systems. By L. G. Smith 
Types and Voltage of Primary Distribution Systems, 
Distribution Feature Layouts, Methods of Voltage 
Regulation Used on Modern Systems. 

Trends of Power Equipment Indicate Progress. By John 

Anderson 

Mr. Anderson Points Out in This Article That Further 

Reduction of Power Costs Must Be the Result of Small 

Economies and Reduction of Investment. 

Problems Discussed by Mechanical Engineers 

Editorial Comment: What is Foresight Worth?; Trend of 
Furnace Volumes; The Importance of Huntley Sta- 
tion; Two Hundred Million Dollars for Industrial 
Research 

Sixth New York Power Show Sums Up Progress 

News Notes 
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ITH RAW materials of fuel, water and air, 

power plants are contributing not only to 
the wealth but to the health and convenience of 
the entire population of the country. Each transi- 
tion of energy from static to dynamic or the re- 
verse, each chemical and physical change which 
takes place in the plant has a bearing on plant 
performance and the quality of service which the 
plant renders. Knowledge of all these conditions 
is essential to the economy and safety of the plant 
and this issue of Power Plant Engineering is de- 
voted to a discussion of modern methods of secur- 
ing and using the detailed information regarding 
plant performance. On this page are shown some 
of the many information gatherers common in 
up-to-date plants. 
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Executive Control Vital to Steam Generation 


From THE SELECTION OF FUEL TO THE DELIVERY OF STEAM, THE Com- 
PLEX EXECUTIVE, ENGINEERING AND COMMERCIAL PROBLEMS CONSTITUTE 


A CoMPLETE BusINEss IN Its Own SPHERE. 











MERICAN INDUSTRY is rapidly awakening 

to the fact that steam generation is a vitally 

“ important detail in business, and that it re- 

quires the same amount of executive control 

.as do other departments. Indeed, there are 

so many factors entering the process of steam genera- 

tion, it is imperative that they all be co-ordinated 

through the management, otherwise the results will be 

the same as any other enterprise in which individuals 
act at cross-purposes. 

Shrouded in mystery because of its technical nature, 
the business of steam generation as conducted in the 
boiler room of an average industrial plant in the past 
has been a sorry spectacle. Fuel, usually coal was pro- 
vided by some one authorized to buy it, but who did 
so with little or no knowledge of the boiler room equip- 
ment, plant requirements, or variations in the coal itself. 
It was merely a matter of purchasing what appeared to 
be an attractive proposition. The coal, upon delivery, 
reached the boiler room and it then became the duty of 
another person to see that the plant was supplied with 
steam generated from this fuel. Then followed success 
in some cases and failure in others. 

Why one shipment of coal would produce satisfac- 
tory results while another did not was mysterious but 
explained in an ambiguous manner by reporting that 




















*Chief Engineer, Fuel Engineering Co. of New York. 


By Doucitas HENDERSON* 


‘‘the coal would not burn’’ or ‘‘it contained too much 
volatile matter’? and frequently by ‘‘we can’t burn 
slack, we must have run of mine.’’ All explanations 
may have had an element of truth, but if so, such coal 
should never have been purchased. 

The process of steam generation is highly complex 
and when one contemplates the various factors that com- 
prise it, the real reason for such apparent hopelessness 
becomes evident. Take first the matter of coal selection. 
The buyer is confronted with a veritable maze of coal 
offers in which quality and price vary but not neces- 
sarily in the same direction. At the outset it becomes 
necessary to comb over the offers and to select coal 
from as wide a field as possible, always keeping in mind 
that the coal selected must meet the plant requirements. 


When the phrase ‘‘plant requirements’’ is mentioned 
it brings into focus a host of very important factors in 
steam generation. First of all there are hand-fired, 
stoker-fired, and pulverized coal fired furnaces, with 
many sub-divisions of stokers such as under-feed, over- 
feed, single retort, multiple retort, chain grate, ete. 
Each type is likely to exert an influence on coal selec- 
tion. 

Next is the question of boiler capacity, or, as it is 
better understood, boiler heating surface. It is this area 
that absorbs heat liberated in the furnace and converts 
it into steam. It would appear that a fairly definite 
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ratio should exist, then, between grate area on which 
the coal is burned and the heating surface which takes 
up the heat thus generated. Unfortunately such is not 
the case, for actual contact with hundreds of boilers 
has revealed a startling variation. It is no uncommon 
experience to find a 500-hp. boiler with its 5000 sq. ft. 
of heating surface equipped with anything from 70 sq. 
ft. to 125 sq. ft. of grate area. Between these two ranges 
there is a wide difference in the quality of coal that 
ean be burned successfully. 

While boilers are rated in the conventional horse- 
power, which is one-tenth of the heating surface, the 
whole relationship between heating surface and grate 
area is changed when the plant demands for steam are 
taken into consideration. In other words, a boiler called 
upon to operate at rated capacity represents one set of 
furnace conditions, while, when the same boiler is forced 
to over ratings, entirely different furnace conditions 
result. Obviously, this too, must be remembered when 
buying coal that will produce satisfactory operation. 

There is still another elusive element in steam gen- 
eration which is too frequently lost sight of, and that 
is available draft. Many plants capable of swinging the 
regular steam loads of the summer will fail miserably 
when the heavier demands of the winter are encountered, 
and the failure can usually be traced to inadequate 
draft. 
light loads but too small for the heavy demands. It 
may be that in the construction of the breeching is 
hidden somewhere a restriction that imposes the same 
kind of limitation on the steaming capacity of the 
boilers. This is very often found in plants where boilers 
have been added from time to time without giving proper 
consideration to the breeching connections. 

All these things indicate, briefly, some of the mul- 
titudinous angles of the process of steam generation, all 
of which must be known and considered when fuel 
economy is attempted and if results are to be expected 
from the attempt. When it is remembered that the 
party commissioned with the task of buying coal is 
usually unaware of the physical arrangement of the 
boiler plant, except in a general way and that the 
individual called upon to get results from the coal as 
delivered is quite unfamiliar with the complexities of 
the coal market, the need for executive direction and 
co-operation becomes apparent. Steam generation is a 
complete business in its own sphere and it must be 
treated as such or else the boiler plant will forever re- 
main a source of irritation. It can be said to the credit 
of American executives that they are. beginning to 
realize this and, goaded on by the ever increasing eco- 
nomic pressure, they have begun to appreciate that 
economies effected in the heretofore prosaic boiler room 
will aid materially in creating dividends. 

Naturally, the question arises as to how a start can 
be made in conquering such a mass of conflicting com- 
binations, and how order can be brought out of such 
chaos. The fundamental problem is the coal matter. 
The buyer must develop into a discriminating purchaser 
using the same care that is employed when the article 
to be selected is clothing, furniture, or anything that 
has developed a relationship between its price and 
quality. 

Available to every purchaser of coal today is detailed 


Perhaps the stack is just large enough for the 
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mass information regarding all of the coals mined and 
sold in the country with definite statement as to quality, 
based upon thousands of delivered samples that have 
been tested and classified. Such information reveals 
to the prospective buyer just what the quality of a 
given coal will be in advance of the purchase. This 
forehand knowledge of coal quality when related to the 
price at any particular time, provides a basis for com- 
paring various coal offers. This removes the usual risk 
in coal purchase and selection, and the only other ele- 
ment that must be considered simultaneously is the 
limitations that might be imposed by plant require- 
ments. 

The boiler plant must be studied at the outset to 
determine such basic influences as the relationship of 
heating surface to grate area and the kind of coal burn- 
ing equipment installed. The overfeed stoker, for ex- 
ample, will give better results on coals of certain 
physical characteristics than on others, while the under- 
feed stoker is not quite so particular. The initial study 
will reveal, too, draft conditions, definitely settling 
whether or not the stack is adequate, and will-at the 
same time, bring to light any breeching restrictions that 
react to impose limitations upon coal purchasing. 

As a result of such a preliminary investigation it 
regularly happens that operation of coal burning equip- 
ment is not the best and can be improved with very 
little effort. This comes from the analysis of certain 
engineering ‘data such as CO, percentages, flue gas tem- 
peratures, drafts at various locations, ete. The possi- 
bility of fuel economy can be understood when it is 
stated that the average efficiency of industrial steam 
plant boilers as found when tested amounts to 58 per 
cent, and that under properly directed steam generating 
methods this average goes up to something over 70 per 
cent. This represents an average gain in operating 
economy of 17 per cent. 


Borter REQUIRES CONTINUOUS SUPERVISION 


Steam generation is a continuous process, which, of 
course, means that coal buying, too, goes on in the same 
manner. Running along parallel with coal purchasing 
is the operation of the boilers and that requires continu- 
ous supervision. That side of the equation is the one 
that has been neglected in the past. To a certain extent 
this has been excusable, because of the lack of machinery 
to record regularly all of the changes in boiler plant 
operation. That condition has changed for there are on 
the market today reliable boiler instruments by means 
of which continuous records can be made and which, 
in turn, require interpretation to keep the plant on the 
desired course. 

There are two distinct kinds of boiler room instru- 
ments. The earliest type to be developed was the kind 
that measur2d the quantity of steam produced or water 


- fed to the boilers, or of the fuel used. The later types, 


which are more important from the standpoint of effec- 
tive control, are intended to provide qualitative measure- 
ments. The distinction should always be kept in mind 
between boiler room instruments that merely record 
how much work is done, and those which record how 
well it is done. An ideal arrangement, from a purely 
technical standpoint, is a proper combination of both 
kinds, for they not only provide a continuous check 
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against each other when properly analyzed, but certain 
operating phenomena require both kinds of infor.aation, 
taken together to be accurately understood. Those in- 
struments classified as quantitative can be identified as 
steam flow meters, water meters, and coal meters or 
seales. Under the term qualitative instruments would 
come the CO, recorder, flue gas thermometers or pyrom- 
eters, and draft gages. 

Every boiler deserves some type of instruments, or 
a combination of them. They are just as essential as 
the steam gage and the water column, devices which are 
placed on the boiler at the time of installation. Boiler 
instruments on the other hand, seem to be an appendage 
which requires justification based on the amount of 
saving they will effect. That kind of reasoning is slow- 
ing up fuel economy to an unnecessary degree. The 
automobile of today is equipped with certain instru- 
ments on the dash, not one of which deserves its position 
there because it is going to save the buyer of the car 
any money. The ammeters, voltmeters, wattmeters, and 
power factor meters associated with electrical generators 
are not there because of a money-saving purpose. The 
instruments, in both cases, are there for the reason that 
they provide information by means of which the car, or 
the generator, is operated in the most intelligent man- 
ner because the operator is adequately informed as to 
what is going on at all times. The result may be a 
saving in time, a saving in effort, but the monetary 
saving will follow as it does in every instance from the 
accumulative effect of doing a thing correctly. 

The records from these boiler room instruments will 
furnish the material from which a statement of boiler 
performance can be made. This is best compiled in 
the form of a heat balance by means of which the dis- 
tribution of the heat per pound of coal is shown in 
percentages. A typical heat balance is given below: 

Heat absorbed by the boilers 72.4 per cent 
Loss of heat up the stack 15.1 per cent 
Loss of heat in the refuse 2.6 per cent 
Loss due to moisture in coal 0.2 per cent 
Loss due to hydrogen in coal 3.6 per cent 
Radiation and unaccounted for losses 6.1 per cent 


100.0 per cent 


The first item represents the combined efficiency, and 
it is of importance to have it stand as high as possible. 
The inherent losses in the process of combustion will 
definitely limit its upper value, but by paying close 
attention to these losses, which are also shown in the 
heat balance, they can be kept to their minimum. The 
figures showing water evaporated together with the 
amount of coal burned develop the evaporation per 
pound of coal, from which follows the efficiency. This 
requires a coal analysis representing the quality of coal 
actually burned. This analysis will be in the following 
terms: 


Moisture 2.53 per cent 
7.71 per cent 
Volatile matter 34.12 per cent 
Sulphur . 1.32 per cent 


eA nae in taleey: 13,545 


The loss of heat up the stack can be computed using 
the CO, percentages, the flue gas temperatures, and the 
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ultimate carbon content of the coal. The nature of this 
loss is such that it tends to diminish as the CO, content 
of the flue gases increases, and. as their temperature de- 
creases. The CO, recorder will give continuous infor- 
mation relative to furnace conditions, while the flue gas 
thermometer or pyrometer will tell the story of the 
boiler condition. Leaking or broken baffling, aceumu- 
lations of soot or scale, will tend to run the temperature 
up, thus indicating that the boiler is not absorbing heat 
as it should. , 

The loss of heat in the refuse can best be determined 
by the collection of a refuse sample, which will be 
gathered simuitaneously with the coal sample, and in 
this way the refuse will represent that taken from the 
fires while burning the particular coal. This checked 
for its unburned carbon content will provide a figure 
which can be translated into terms of heat loss on the 
heat balance. 

Losses due to moisture and hydrogen in coal are 
unpreventable and as such they merit no particular 
attention except to complete the balance. In the case 
of pulverized coal burning it has been found that the 
moisture content is of importance in that it may have 
a definite effect on the capacity of the mill. 

The total computable losses when deducted from 100 
per cent leaves a remainder that is called unaccounted 
for losses, but in reality it is the keystone of the heat 
balance. Many times do water and coal weights pro- 
vide evaporations and subsequently efficiencies, which, 
were the heat balance completed, would cause the total 
to exceed 100 per cent without including the item ‘‘un- 
accounted for losses.’’ Then, too, the reverse occurs, 
when the unaccounted for item will reach 20 per cent 
or more. Both will show errors that usually enter 
through coal weights or water figures. Let it be said 
here that the accurate weighing of coal in a boiler plant 
is one of the most difficult accomplishments, unless some 
form of automatic scale is used. 


REcorDs OF VALUE IN GROWING PLANT 


Regular compilation of figures representing the 
amount of water evaporated will gradually result in 
the accumulation of data which have nothing to do with 
the bettering of day-to-day operation, but do indicate 
trends in plant load conditions. Every industry en- 
deavors to expand, and with that expansion will come 
increased demands for steam. It is important to fol- 
low such a tendency so that a prediction can be made 
far enough in advance when additions to existing equip- 
ment will be needed. This may mean new boilers or new 
stokers, or a combination of each, but the valuable point 
is that such a requirement can be forecast. 

It is no uncommon experience to find that a coal 
giving perfect satisfaction in a boiler plant will begin 
to cause trouble. Assuming that the preparation. of the 
particular coal has not fallen off, it usually can be 
traced to the increasing steam demands of the expanding 
plant, causing more and more coal to be burned on the 
same stoking equipment with the inevitable result that 
trouble in the form of clinkers presents itself. This is 
something the coal purchaser should know before it be- 
comes serious, but such information is available only 
when the results in the boiler room are carefully com- 
piled, and made known to all interested parties. By 
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results are meant the various items and factors already 
outlined, and not merely a log sheet of instrument read- 
ings. ; 

Steam generation is, then, one continuous process 
from coal buying to delivered steam, and the factors 
that enter it are numerous. American resourcefulness, 
always ready for a difficult task, has directed attention 
towards this knotty problem in the interest of making 
fuel economy within the reach of all plants, large and 
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small. With the collection of data regarding American 
coals coupled with the development of boiler instru- 
ments, there remains the one link to be forged,—the 
application of these tools by American industrial execu- 
tives. Just as soon as business managers become con- 
scious of the fact that they, too, ean and should take 
advantage of twentieth century development in fuel 
economy, a long step will have been taken towards con- 
serving our most valuable natural resource—coal. 


Suitability of Fuels Determined by Tests 


MertnHops oF ConpuctTine Furt ANALYsEsS APPLI- 
CABLE TO Every-Day Powrer PLANT OPERATION 


OR USE as fuel in boiler furnaces, coal should be 
analyzed to prove its suitability to the conditions 
under which it will be burned and its heat value should 
be determined in order that the economy of heat utiliza- 
tion may be ascertained. Coal is a mixture of many 








FIG. 1. PAN ON BELT CONVEYOR TO CATCH COAL SAMPLE 


chemical compounds that vary widely in their constit- 
uent proportions in the coals from the different parts 
of the country. From the viewpoint of furnace design 
the analysis of coal should show the amount of mois- 
ture, the volatile and combustible matter, the fixed car- 
bon and the percentage of ash. This constitutes what 
is known as the proximate analysis. In addition to 
this, it is well to know in many cases the amount of 
sulphur which the coal contains. This information in 
regard to coal is not difficult to obtain, and gives sub- 
stantially all of the information necessary for efficient 
burning of coal in boiler furnaces. 4 

What is known as the ultimate analysis divides the 
coal into the percentages of carbon, hydrogen, oxygen, 
nitrogen, sulphur and ash, irrespective of the manner 
in which these elements are combined with each other. 
This analysis is quite complicated and difficult to make 
in the ordinary power plant laboratory and its principal 
use is in calculating the heat value of the coal and the 
amount of air required for complete combustion. As 
very accurate fuel calorimeters are now available, these 
instruments are used almost exclusively for tke deter- 
mination of heat value and in the power plant an 
analysis of the flue gases, which can easily be made, 
gives a means of checking losses from’ improper propor- 
tions of air for combustion, so but little use is made 
in the power plant field of the ultimate analysis of coal. 
Directions, therefore, are given here for making only 
the proximate analyses and sulphur determination. 

Before coal can be analyzed it must first be sampled 


and the importance of procuring a fair sample is the 
most difficult part in connection with the analyses of 
coal. Coal may be sampled when it is being loaded 
into or unloaded from railroad cars, ships, barges or 
wagons, or when discharged from supply bins or from 
industrial railway cars, coal conveying equipment, or 
any other part where all of the coal must pass on its 
way to be used. The entire object of collecting samples 
is to secure coal which represents the average of the 
entire quantity to be used. For this reason samples taken 
from the surface of a coal pile or bin are generally un- 


REPRESENTATIVE ANALYSES OF DIFFERENT CLASSIFICATIONS 




















OF COAL 
Moisture,|Volatile|Fixed car-| Ash, per|B.t.u. per| Fusion point 
per cent |matter, jbon, per | cent pound of ash 
per cent|cent 
Anthracite 2.8 1.2 88.2 7.8 13,300 | -o--- 
Semibituminous 4.6 13.5 76.7 5.2 14,400 2600 deg. F 
Bituminous 
Eastern 8.6 32.4 51.3 7.7 12,800 F 
Western 10.1 32.7 41.5 15.7 12,000 2100 deg. F 
Subbituminous 22.4 41.2 32.2 4.2 8,100 FP 
Lignite 34.4 25.9 30.9 8.8 7,200 | --<-- 

















reliable, as they are not representative of the entire 
quantity of coal. One of the most convenient methods 
of collecting samples is from conveyors, either bucket 
or belt type, where a sample is taken at regular inter- 
vals as the coal is being conveyed. In either case the 
sampler should take an entire cross section of the coal, 
which may be done by catching the contents of one 
bucket in each 100 as it is dropped, or taking a sample 
at regular intervals on a pan as it travels over a belt 
conveyor. As stated above, the samples should be regu- 
larly and systematically collected so that the entire 
quantity of coal sampled will be represented propor- 
tionately in the gross sample. In carload lots the amount 
of the gross sample should not be less than 500 lb. when 
the coal is slack or small size anthracite. For lump 
coals this should be increased to 1000 Ib. and, if the coal 
contains an unusual amount of impurity, the gross sam- 
ple should be not less than 1500 Ib. 

The gross sample, after it has been collected, should 
be systematically crushed, mixed and reduced in quan- 
tity. The crushing may be done by hand or mechanical 
means, but the process should be such as to prevent 
loss or the accidental mixture of foreign matter. The 
maximum size of particles ranges from 1 in. for samples 
of 1000 Ib. or over down to ;%5 to pass through a No. 4 
sieve for a 30-lb. sample. The method of reducing by 
hand the quantity of coal in a gross sample which has 
met with greatest success is that known as halving and 
quartering, whereby the sample is first crushed and put 
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in a conical pile, mixed by shoveling into a long pile, 
each shovelful being spread out the length of the pile, 
then the pile divided in two. One-half the coal is then 
placed in a conical pile and crushed and again mixed 
by spread piling as before and divided in two, resulting 
in a crushed pile, 334-in. particles, of 250 lb. This 
is then further crushed and placed in a flattened-out 
round pile and divided by cutting across two vertical 
diameters of the pile. The opposite quarters are dis- 
carded, leaving a sample of 125 lb. which is gathered 
up on a blanket, further crushed and mixed by rolling 
on the blanket, then forming it into a flat round pile 
and quartering again. The final sample is worked over 
until a sample of only 5 lb. remains. This 5-lb. sample 
of coal is the quantity taken to the laboratory for test- 
ing, and all of it should be under % in. in size. 

To prepare for analysis, it should be transferred to 
a sheet metal pan and spread out to a depth of 1 in. 
This is weighed and placed in a large drying oven 
through which warm air is passed at a temperature of 
30 to 35 deg. C. until the loss in weight between weigh- 
ings 6 to 8 hr. apart does not exceed % per cent. The 
reduction in weight is called the air dry loss. The 
sample is then crushed so that it will pass through a 
10-mesh sieve and further reduced in a ball mill, or other 
means, so that it will pass through a 60-mesh sieve. 
The pulverized samples should be very thoroughly mixed 
before the small amounts are taken for the actual 
analysis. 

ProxIMATE ANALYsIS OF CoAL 

To determine the inherent moisture in coal, place 
1.5 gram of powdered coal in a weighed 25 c.c. platinum 
crucible and transfer it to a drying oven where the heat 
is kept at 103 deg. C. for 40 min.; then cool in a desic- 
cator and weigh, keeping the crucible covered. The loss 
in weight is moisture. This should be reduced to per- 
centage by dividing the loss in weight by the original 
weight and multiplying the quotient by 100. 

Volatile and combustible is now determined by heat- 
ing the crucible containing the dried coal over a Bunsen 
burner for 314 min.; then over a blast lamp for 314 
min. more, care being taken to have the crucible 
covered during this heating with a close fitting 
cover so that air cannot get into the crucible. The cru- 
cible is then cooled in a desiccator and the loss in weight 
is recorded. The loss in weight during this heating 
process, divided by the original weight and multiplied 
by 100, is the percentage of volatile and combustible 
matter, plus 14 the sulphur. 

Fixed carbon is now determined by placing the un- 
covered crucible and contents over a Bunsen burner 
until all carbonaceous matter is consumed. When com- 
bustion is completed, replace the cover of the crucible, 
cool in a desiccator and weigh. The loss in weight dur- 
ing this combustion, divided by the original weight of 
the coal and multiplied by 100 gives the percentage of 
fixed carbon, plus 14 the sulphur in the coal. 

Ash is determined by subtracting the weight of the 
crucible and cover from the weight of the crucible, 
cover and residue. The weight of the residue, divided 
by the original weight of the coal sample and multiplied 
by 100, gives the percentage of ash. 

The desiccator used in this analysis should contain 
sulphuric acid (chemically pure) rather than calcium 
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chloride, as finely pulverized coal is very hydroscopic 
even in the presence of calcium chloride. 

Eschka’s method of sulphur determination is recom- 
mended and is described briefly as follows: A sample 
of the 60-mesh coal weighing 1.3736 gram is mixed in 
a 30-c.c. platinum crucible with about 2 grams of 
Eschka mixture (2 parts light calcined magnesium oxide, 
1 part anhydrous sodium carbonate) and about 1 gram 
of Eschka’s mixture spread over it as a cover. This 
mixture is carefully burned out over a gradually in- 
creasing alcohol or natural gas flame. When all black 


particles are burned out, the crucible is cooled, the con- 
tents digested with hot water, filtered, washed and the 
solution treated with saturated bromine water and hy- 


i 





FIG. 2. OXYGEN BOMB CALORIMETER 


drochloric acid, boiled and the sulphur precipitated as 
barium sulphate by adding a solution of barium chloride. 
Multiplying the barium sulphate by 0.137 gives the 
weight of the sulphur. Artificial gas should not be used 
for igniting the coal and Eschka’s mixture, as the 
sulphur content of the gas will vitiate the result. 

Determination of the amount of sulphur in coal may 
also be made by means of the peroxide fusion method 
in which the coal is mixed with sodium peroxide and 
burned in a bomb. In this process the oxidizing condi- 
tions are so pronounced as to insure the complete trans- 
fer of all the sulphur to the sulphate form. This is 
accomplished in a few minutes and the results are not 
affected by any sulphur which may be in the gas used 
for ignition purposes. 

In this method approximately 15 grams of sodium 
peroxide is mixed with 4% gram of pulverized coal and 
the contents ignited in a bomb by applying sharply 
pointed flame to the bottom of the bomb. After com- 
bustion has been completed the fusion cap of the bomb 
is removed and placed in a beaker where it is washed 
with hot water, and the fusion allowed to dissolve com- 
pletely. After removing the fusion cap and the solution 
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contained in the beaker is neutralized by adding slowly 
30 ¢.c. of hydrochloric acid—1.42. Sometimes an addi- 
tional 2 or 3 ¢.c. of hydrochloric acid are necessary for 
complete neutralization, allowing 1 or 2 ¢.c. in excess. 
The solution should then be filtered and diluted to ap- 
proximately 400 ¢.c. and the sulphur precipitated hot 
with a 10 per cent solution of barium chloride. The 
precipitate is then allowed to settle over night, after 
which the supernatant liquid is siphoned off and the 
barium sulphate is filtered on an ashless filter paper, 
being carefully washed with hot water. Char off the 
paper slowly in an ordinary porcelain or illium crucible 
on an asbestos mat, then burn over a Bunsen flame until 
the contents are white. With high iron the residue will 
have a faint tinge of red and with incomplete washing 
out of the alkali salt a sintering occurs. Correct condi- 
tions are indicated by a loose powdery residue. 

The method of determining the heat value of the fuel 
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FIG, 3. BOMB CALORIMETER OF THE SODIUM PEROXIDE TYPE 


from the ultimate analysis is open to considerable inac- 
curacy for the reason that the heat value of the elements 
hydrogen, carbon and sulphur have not been established 
with any degree of accuracy; the heating value of ele- 
ments in the free state and as combined with other 
elements is not necessarily the same; the assumption that 
all the oxygen is combined with hydrogen is not neces- 
sarily true, and the relative accuracy is subject to un- 
certainty of the oxygen determination. 

The most reliable and practical method of determin- 
ing the heat value of coal is by means of fuel calori- 
meters, the bomb type being preferred among engineers. 
In general, this equipment consists of a strong steel 
receptacle called a bomb, into which the sample of com- 
bustible is placed and within which it is completely 
burned. The sample is prepared in a finely divided con- 
dition and to insure complete combustion is placed in the 
bomb in the presence of pure oxygen under high pres- 
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sure, or some types employ sodium. peroxide for this 
purpose: At the desired time the fuel is ignited by 
means of a fuse wire dipping into the sample, which 
wire is brought to incandescence by means of the passage 
of electric current. 

During combustion, the bomb is entirely immersed 
in a known amount of water and the rise in tempera- 
ture of the water is accurately measured with a standard 
thermometer. The product of this rise in temperature 
and the known weight of water (plus the water equiva- 
lent of the bomb and other immersed metal parts) gives 
directly the heat units given off by the burning of the 
sample whose weight has previously been determined. 
From this data the British thermal units per pound can 
be determined, which is the commercial value desired 
for industrial purposes. 

To prevent corrosion the bomb is gold plated on the 
inside or finished with a coating of platinum or other 
acid resisting metal. In order to insure uniform tem- 
perature in the water surrounding the bomb it is stirred 
by means of paddles driven at uniform speed by a motor. 
The temperature of the water surrounding the bomb is 
determined by a highly sensitive thermometer graduated 
to read fiftieths or hundredths of a degree. Calculation 
of the results with our oxygen bomb calorimeter may be 
performed as follows: 

w = weight of fuel tested in lb. 

W, = weight of water in calorimetric vessel in lb. 

W, = water equivalent of calorimeter in lb. 

t. = temperature F. of water in calorimetric vessel 

before combustion. 


t, = maximum temperature F. of water in calori- 
metric vessel after combustion. 
(W, + W.) 


Then x (t, — t.) = B.t.u. per lb. of fuel. 
Ww 

Actually the experiment is conducted with gram and 
centigrade units. But as one gram of fuel will heat one 
gram of water to the same extent as one pound of fuel 
will heat one pound of water, the formula does not 
change in this respect. As only one gram of coal is 
burned, the formula becomes (using a Centigrade ther- 
mometer) : 
(W,+ W.) X (t,; —to) XK 1.8 = B.t.u. per lb. of fuel. 

Note: (W, + W.) X 1.8 is a constant quantity 
so that the result is obtained very quickly by multiply- 
ing this value by the rise in temperature of the water. 

In the peroxide bomb type of calorimeter the chemical 
employed is sodium peroxide and in order to secure a 
combustion that is uniformly complete, it is found desir- 
able to use an accelerator for the purpose of increasing 
and intensifying the oxidizing effect of the sodium perox- 
ide. The accelerator commonly used is potassium chlorate 
and corrections must be made in the calculations for 
both of these chemicals. Ignition is accomplished in the 
same manner as with the oxygen bomb, by means of a 
current passed through a fuse in the fuel. The correc- 
tion factors which must be taken into account in the 
calculation in using the peroxide bomb type of calo- 
rimeter are the heat radiation, electric fuse wire, the per 
cent ash, per cent sulphur, accelerator and hydration 
factors. From the total rise in temperature corrected 
for radiation, subtract the correction factors for the heat 
due to the chemicals, fuse, wire, etc., and multiply the 
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remainder by the instrument constant. The product 
will be the number of British thermal units per pound 
of coal. 

Bomb calorimeters are also suitable for determining 
the heat value of fuel oil. The method of handling the 
calorimeter is substantially the same as with coal, but 
special care must be taken to prevent evaporation of the 
sample during the weighing and testing. The most suit- 
able method of preventing the evaporation is to hold the 
oil in a small weighing bottle with the stopper fitted 
with a dropper for the purpose of transferring the 
liquid fuel from the bottle to the bomb. After intro- 
ducing the oil into the fuel pan of the bomb the stopper 
is replaced in the weighing bottle. The weight of the 
bottle with the stopper is taken before and after the 
oil is removed. The difference in the two weights gives 
the net weight of the liquid fuel in the bomb. With 
heavy oils the oil can be dropped directly onto a small 
quantity of ignition asbestos in the pan. As soon as 
the oil is placed in the fuel pan the upper half of the 
bomb should itnmediately be placed in position to pre- 
vent any evaporation of the sample. 

With the peroxide bomb 1 gram of accelerator and 1 
full measure of chemically pure sodium peroxide are 
first added and thoroughly shaken. Also to facilitate 


earcees 






n 
ae 






cc 
i) 

Pe 
be hes an om 


Leas To 
Jacnet Circuit 











e 











23B Damieis Apwasaric 
Jacnet COMPLETE 


11 ht pat 





ebao e we 


i 
! 
! 
' 
! 


a 
# 
£ 


Fig. 5 
FIG. 4. WEIGHING BOTTLE FOR OIL FUEL 
FIG. 5. OXYGEN BOMB CALORIMETER FITTED WITH 
ADIABATIC JACKET 


the ignition of all oil, and at the same time promote the 
ultimate combustion, it is recommended that a small 
amount (0.2 gram) of benzoie acid be used. Add the 
oil and benzoic acid last and mix thoroughly by shaking 
and complete the process exactly as for coal. 

There are many refinements which manufacturers 
have incorporated in their instruments to make them 
more accurate. One of these is the prevention of radia- 
tion and this provision gives to the instrument the name 
adiabatic. 
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In one make of instrument a vacuum cup is provided 
surrounding the calorimeter water and minimizing the 
radiation to surrounding atmosphere. In another make 
of instrument, the interior, or calorimeter proper is 
completely surrounded by jacketed walls through which 
water is circulated under close control of temperature. 
Therefore, by maintaining the jacket at a temperature 
corresponding to that of the interior instrument, all 
heat losses due to radiation are eliminated. 


CALORIMETERS FOR Gas 
For the determination of the heat value of fuel gas, 
an entirely different type of instrument is required. In 
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FIG. 6. OUTLINE OF GAS CALORIMETER SWITCHING 
MECHANISM 


this case the instrument must be of the flow type, in 
which the gas and water absorbing the heat are measured 
simultaneously. In one make the gas to be tested is 
burned with an ordinary non-luminous flame at the rate 
of about 2 cu. ft. per hr., transmitting its heat to an 
equivalent volume of water and under precise control 
as to temperature, pressure and humidity. A recording 
device of the electric type can be located at any con- 
venient distance from the calorimeter and furnishes a 
permanent record of the heat value of the gas in British 
thermal units or in calories per cubic meter as may be 
desired. The instrument may be operated without the 
recording attachment if desired, a reading of the two 
thermometers at any moment giving the heat value of 
the gas passing through the instrument. 

This calorimeter, Fig. 6, consists essentially of two 
parallel metering units in which gas and water are 
alternately filled and discharged. 

The principle of another make of gas calorimeter is 
simply a recording thermometer with a bulb so placed 
that the flame from a very highly developed gas burner 
impinges directly on the thermometer. A sensitive reg- 
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ulator is used to maintain a constant gas pressure, and 
the burner itself is so designed that it entrains the 
proper amount of air for complete combustion. Sur- 
rounding the burner is a housing to prevent drafts and 
the instrument is equipped with manometer gages which 
indicate the exact gas pressure. This is not a laboratory 
instrument, but is recommended as an operating guide 
and will indicate immediately any change in the heat 
value of the gas. 
TESTING OF ASH 

To the man in charge of plant performance, the only 
test of refuse from the furnace which is of value is the 
determination of the amount of combustible which re- 
mains. This information is a check on combustion and 
may point to defects in the stoker or the grates or their 
operation, which can be corrected. The fusion point of 
the ash should be known but this information is of little 
value after the coal has been burned except as a proof 
that the furnace temperature was too high for the fuel 
being used or that a higher load could have been carried 
if no clinkers are formed. 

To determine the amount of combustible in ash, 
weigh about a 1-gram sample of the finely pulverized 
refuse in a platinum crucible and place over Bunsen 
burner or blast lamp for 10 min., cool in desiccator and 
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loss in weight represents the combustible in sample. .The 
percentage of fuel loss due to combustible in ash is cal- 
culated by multiplying the per cent of combustible in 
the ash by the per cent of ash in the coal as fired. 

In the chemical analysis of ash, the constituent which 
predominates is silica dioxide (SiO,) which in its pure 
state would have a high fusing point but in the presence 
of lime and iron the fusing temperature decreases. Coal 
which produces ash that fuses at temperatures above 
2500 deg. F. may be classed as non-clinkering. If, how- 
ever, the ash fuses at temperatures below 2400 deg., they 
are classed as clinkering. The fusing temperature can- 
not be reasonably approximated by a knowledge of the 
chemical analysis of the ash and the most reliable method 
available at the present time of determining softening 
and fusing temperatures is by means of Seger cones. 
Even this method is subject to considerable error, but 
the results are sufficiently accurate for plant purposes. 

In the regular operation of a plant, the refuse should 
be weighed as it is taken from the ash pit or from the 
bin as it is hauled away. This cannot be done in all 
plants, as the method of handling the ash does not 
permit weighing in all cases. In these cases the amount 
of ash can be estimated from the coal weights, coal 
analyses and refuse accumulated during test runs. 


Fuel Record Checks Plant Performance 


MEANS FOR OBTAINING RECORDS 


O DATA on power plant performance is more im- 

portant than accurate records of the amount of 
fuel used. Preferably an hourly record, but never less 
frequently than daily. To obtain these records several 
methods are employed in various plants. One of the 
oldest yet accurate methods is by means of scales con- 
veniently arranged in the plant. Weighing larries have 
been developed for this special purpose and are used 
extensively. Metering the coal passing through a chute 
and counting the plunger strokes of stokers are more 
recently developed methods. In addition, several ap- 











FIG. 1. ELECTRIC DRIVEN INDUSTRIAL 
WEIGH HOPPER 
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oF Fue Usep IN PowER PLANTS 
proximate methods have been developed such as deter- 
mining the travel of chain grate stokers, counting in- 
dustrial carloads and barrow loads used over definite 
hours of the day. 

When coal is taken to the boiler room in wheelbar- 
rows or industrial coal cars, the dormant type of scale 
is used, the coal passer resting the load on the scale long 
enough to obtain and record the weight of the coal, the 
scale being adjusted for the constant weight of the bar- 
row or car. The scales used may be equipped with either 
a balancing beam which is adjusted by hand to give the 
reading, or with a dial face and hand which gives the 
reading direct. 

When conducting tests in boiler plants not equipped 
with permanently located scales, platform scales may be 
used with wheelbarrows. 











AUTOMATIC SCALES WEIGHING: CRUSHED COAL TO 
UNIT PULVERIZERS 
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FIG. 3. HAND OPERATED WEIGH LARRY 


In some plants the industrial cars are fitted with 
weighing hoppers and in this way the weight of the coal 
is secured on its way from the storage bin or pile to the 
boiler room. 

Plants having conveying equipment usually have 
some form of weighing hopper through which the coal 
passes from the coal bin to the stoker. If the hopper is 
stationary, one scale is required for each boiler. It is 
quite common, however, to have a larry fitted with 
hopper scales which travels the length of the firing aisle 
and can discharge the coal into any one of the stokers it 
serves. With the stationary type, a record of the amount 
of coal used by each boiler is recorded. Separate weights 
are not necessary with the weighing larry, though they 
can readily be kept by the coal passer. 

Either of these hopper types of scales may be fitted 





FIG. 6. WEIGH LARRY FITTED WITH DIAL TYPE OF SCALE 
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FIG. 4. WEIGH LARRY SERVING BOTH 
SIDES OF FIRING AISLE 


Fig. 7. 
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FIG. 5. ELECTRICALLY DRIVEN 
TRAVELING WEIGH LARRY 


with an adjusted balancing beam or a direct reading 
dial so located as to be convenient for the boiler at- 
tendant or the larry operator. They may also be fitted 
with stamping devices that print the weight of each 
dump of coal on a ticket. Automatic scales are also 
available that automatically weigh and record the 
amount of coal as it passes from the bin to the stoker 
or unit pulverizers. These are usually of the self-dump- 
ing hopper type, the weight of each dump being the 
same, but other types are available that weigh the coal 
in transit on conveyors of either the bucket or belt type, 
or in industrial cars. 

Instead of weighing the coal with some form of 
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SCALES FOR WEIGHING COAL IN TRANSIT ON BELT 
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TABLE I. BOILER EFFICIENCY BASED ON EVAPORATION FROM AND AT 212 DEG. F. 
50% 55% 60% 65% 70% 75% 80% 
Efficiency Efficiency Efficiency Efficiency Efficiency | Efficiency Efficiency 
B; T; U. 
PERLB. [8 8 8 8 8 8 8 
COAL eo [Susle- [Susle- [Sasla; |/Sasl8> [Susle- |/Sasla. Jag 
5215 8/5218 8525/8. S15215 - 8/5215 (8/5218 3/52 5/5 8 
ES Phvakead F-3Fs] Peteodead Fo 5) Petesnesd Ea td Pe teatead [et Peter ak 5) Pe eeal 2s] tenis 
rok, fr Ban fo¥, bbe fo3, fo fe ro, > rok, im hee Qi > for ag 
a Mise (S88la (Rasa [ese “(ase asia ae 
7500 3.8; 9.0] 4.2] 8.2] 4.6] 7.5] 5.0] 6.8] 5.4] 6.4] 58] 60] 6.2] 5.5 
8000 4.1] 84] 4.5] 7.6] 4.9] 7.0] 53] 6.5] 5.7] 6.0] 6.2] 5.5] 66] 5.2 
8500 4.4) 7.8 | 4.8] @2) | 6:2] 6:6) 5:7] GO} 6.1 | -5:6:) 6:6:] <6.2-) (2.0/5 “4:9 
9000 46; 7.5 | &.1 | 6.7 | 6.5 | 6:2|°6.2| 5.5 6:5| 6.31 6.97 6:0) 7.4) 46 
9500 4.9] 7.0] 5.4] 63] 5.9] 58] 63] 5.4] 68] 5.0] 7.3] 4.7] 7.8] 4.4 
10000 5.1] 6.7 | S6)°6:.1 ) 62). 6.6: 6:7 be. 7.21 4.7 | er |) See 2) 42 
10500 56.4] 63] 5.9] 5.8] 65] 53] 7.1] 4.8] 7.6] 4.5] 8.1] 4.2] 8.6] 4.0 
11000 5.6] 6.1] 6.2] 5.5] 6.8] 5.0] 7.4] 4.6] 7.9] 4.3] 8.5] 4.0] 9.1] 3.7 
11500 56.9} 58] 65] 53] 7.1] 4.8] 7.7] 4.4] 83] 4.1] 89] 3.8] 9.5] 3.6 
12000 6.2} 5.5] 68] 50] 7.4] 46] 80) 4.3] 86] 4.0] 9.3] 3.7) 99] 3.4 
12500 6.4] 5.3] 7.1] 4.8} 7.7] 4.4] 84] 4.1] 9.0] 3.8] 9.7] 3.5] 10.3] 3.3 
13000 6.7] 5.1] 7.4] 4.6] 80] 4.3] 8.7] 3.9] 9.4] 3.6] 10.0] 3.4] 10.7] 3.2 
13500 6.9] 5.0] .7.6] 4.5] 83] 4.1] 9.0] 3.8] 9.7] 3.5] 10.4] 3.3] 11.1] 3.1 
14000 7.2) 4.7] 7.9] 4.38] 86] 4.0] 9.4] 3.6] 10.1] 3.4] 10.8) 3.2] 11.5] 3.0 
14500 7.5] 4.6 {| 8.2] 4.2] 9.0] -3.8 | 9.7] 3.5 | 10.5) 3:21:11.2) 3.0) 12.0]. 2.8 















































scales, some plants equipped with plunger types of 
stokers use stroke counters to record the amount of coak 
used after calibrating the stoker to the weight of coal 
for each stroke. The results are sufficiently accurate 
for record purposes and with readings taken each hour 
a very definite check against the steam generated may be 
secured. Once the stoker has been calibrated the tem- 
pering of the coal with water does not affect its ac- 
curacy. 


TABLE II, COMBUSTION RATES RECOMMENDED FOR VARIOUS 
FUEL CONDITIONS FOR TRAVELING GRATE STOKERS 


Combustion 
Rate per Sq. 
Ft.per Hour 
Ory Coal 


to 4 tir 


Wr. 


TABLE III, 


COMBUSTION RATES RECOMMENDED FOR VARIOUS’ TABLE IV. 
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22-25 
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30-35 


35 
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35-40 
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45 
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FUEL CONDITIONS FOR UNDERFEED STOKERS 
















































& on ASTERN COAL COALJILLINOIS 
Combustion |Fc’ 73 IFC. Te a ke eee 
Rate per Sq. |Vol. IT Nol. 30 Nol. 30 Vol. et foi. 33 
Ft.per Hour Ash 6 Z Ash 3 S 6 1 
Dry Coal Moisture. 4 [Moi 4 ; | : 
; BTU.CDry) 4300/87. 13500 Hata 12200 LU. i 
Minimum for 
Continuous 20-25 25-28 25-28 25-28 25 -28 
Operation 
Recommended 
for Continuous 30-38 32-40 30 -38 28-35 30 -35 
Operation 
Maximum for 
Continuous 40 -45 40-45 38 -42 35-42 38-45 
Operation 
Recommended 
for 3to4 Hr. 50-60 50-60 45-50 42-45 45-650 
Peaks 
ww ” 60 -G 
o4Hr -65 60 -65 - - - 
Beaks 50-55 45-47 50-55 
Maximum 
for One Hr. 10 10 60 50 60 
| Peaks 
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Another form of coal meter consists essentially of 
a screw propeller, placed in the coal spout to the stoker 
or unit pulverizer, the revolutions of which are counted 
and indicated in large figures. When the instrument 
has been properly calibrated, it is sufficiently accurate 
for practical purposes. , 

In lieu of more accurate methods of keeping account 
of the coal used, the boiler room force can weigh an 
average wheelbarrow or industrial carload of coal as it 
comes to the boiler room and then record the number 
each shift or day. 

Oil and gas used as fuel for generating steam are 
best measured by means of displacement meters that 
integrate the amount in pounds or cubic feet. These 
meters should be read every hour or shift depending 
upon the completeness of the record which it is desired 
to keep. 

From the standpoint of plant performance, it is 
essential to know the amount of water evaporated per 
pound of fuel burned. With this knowledge a compari- 
son of operating results from day to day or even hour 
to hour can be made which will indicate how changes 
in plant conditions affect boiler efficiency. When the 
plant is equipped for weighing the coal to and metering 
the steam from each boiler, an extremely valuable com- 


COMBUSTION RATES RECOMMENDED FOR VARIOUS 


FUEL CONDITIONS FOR OVERFEED STOKERS 
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Fig. 10. PROPELLER 
TYPE COAL METER 


STROKE COUNTER 
ON UNDERFEED STOKER 


Fig. 9. 


parison can be made between the efficiencies of the dif- 
ferent boilers under varying load conditions and in 
charge of different operators. 

Fuel cost represents about 80 per cent of the operat- 
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ing cost of producing electric power so that any saving 
in fuel represents almost an equal percentage reduction 
in the cost of power, the importance of keeping a close 
check on the fuel used is, therefore, apparent. 

Comparisons made hourly of the fuel used and steam 
generated will sometimes indicate that some undesirable 
condition exists which can be corrected immediately and 
thus save perhaps a whole day of inefficient operation. 
Holes in the fuel bed, fallen baffles, soot on tubes, scale 
in boiler, all of which are undesirable conditions, in- 
crease the coal consumption per pound of steam gen- 
erated and although flue gas thermometers and analysis 
instruments and draft gages will point directly to the 
different conditions, they are not always available nor 
do they have the psychological effect of showing a direct 
quantitative material loss. 

General good practice in the industry would indi- 
cate the advisability of weighing the coal as it is de- 
livered to the storage pile, again as it is taken from the 
storage to the boiler room bunker, then immediately 
before firing, preferably noting accurately the amount 
of fuel used in each boiler during each hour it is in op- 
eration or being held banked. 7 


Determination of Air Supplied to Furnace 


MEASUREMENT oF ComBusTION AiR Is ImporTANT IN MAINTAINING EFFICIENCY 


N THE process of combustion two raw materials are 
required, fuel and air. The measurement of fuel has 
been discussed in the previous article and as air is just 
as essential as fuel, the methods and means of determin- 
ing the proper amount supplied will be discussed here. 

Air is supplied to stoker-fired furnaces both below 
and above the fuel bed. When natural draft is used, the 
pressure within the furnace is below that of the at- 
mosphere and the air enters through the interstices in 
the fuel bed, through holes in the firing doors and crev- 
ices in the settings. In some furnaces provision is made 
to admit air over the fuel bed through perforated tiling 
along the sides of the furnace or the face of the bridge- 
wall. With this method of introducing air there is no 
practical method of measuring the amount supplied be- 
fore it enters the furnace. When forced draft is used, 
the pressure within the furnace is maintained at as 
nearly atmospheric as possible and all the air which 
enters the furnace, both below and above the fuel bed, 
must pass through ducts properly arranged to supply 
the air where needed. This provision makes possible the 
metering of the air for combustion. 

Metering of the air, however, is not as common as 
perhaps it should be, since by analyzing the flue gases, 
the correctness of combustion and the proportion of air 
used can be determined. The only advantage of measur- 
ing the air, where the flue gas analysis is made, as in de- 
termining the proper distribution of the air’ to the 
furnace, i. e., the proper proportions of primary and 
secondary air to secure complete combustion with a 
minimum amount of excess air. 

Several types of air flow meters are available for 
this purpose among which are the displacement types, 
Pitot tubes, anemometers, orifices, nozzles and electric 
air flow meters. 

Positive displacement meters may be of either the wet 





or dry type such as commonly used for measuring gas 
in the average household. The amount of air used for 
combustion, however, would require exceptionally large 
meters of this type so that some other form is preferred. 

Where a gear type of positive blower is used to fur- 
nish the draft, it is a simple matter to: provide this 
with a revolution counter that with calibration will give 
the amount of air supplied. 

















FIG. 1. OUTLINE OF GEAR TYPE POSITIVE BLOWER WHICH 


MAY SERVE AS METER 


Among the most convenient instruments is the ane- 
mometer which consists essentially of a light vane wheel 
placed in the current of air. This wheel revolves at a 
speed relative to the velocity of the air and its shaft 
operates a counting mechanism which, when calibrated 
for the duct in which it is placed and the temperature 
of the air, gives the volume of air passed during a given 
period of time. This instrument is sufficiently accurate 
for metering the combustion air supply when used be- 
tween the limits of velocities for which it is designed. 

Meters of the Pitot tube type are also very conveni- 
ent for this class of work as they are easy to install and 
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FIG. 2. ANEMOMETER USED FOR 
MEASURING VELOCITY OF AIR 








FIG. 4. AIR METER BASED ON THE | 
OPENING OF PORTS 
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with proper calibration are sufficiently accurate. The 
principle of the Pitot tube is that the pressure due to 
the velocity of the gas is proportional to the velocity, 
thus, by measuring this velocity head, the velocity of the 
gas is indicated, from which the volume passing through 
a given duct in a specified time can be calculated. The 
formula from which the volume ean be calculated is: 


p 
v = 1097 , 
weight of acu. ft. of air 


in which v = velocity of the air in ft. per min. 
p = velocity pressure in in. of water. 


Essentially the Pitot tube consists of two tubes pro- 
jecting into the air passage, one having its opening 
facing against the direction of flow and the other with 
its opening parallel to the flow. These tubes communi- 
cate their pressure to the opposite ends of a manometer 
tube or draft gage. The velocity head is thus given by 
a direct reading. 
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Flow of air can also be measured by noting the drop 
in pressure caused by passing it through an orifice in a 
plate placed in the pipe. Where the pressure is low, as 
would be the case with forced draft, the pressures should 
be measured with some form of manometer tube. The 
accuracy of this type of instrument depends upon sev- 
eral factors such as the thickness of the plate at the 
orifice, the distance from the plate to bends or valves in 
the pipe. It is practically necessary, therefore, to cali- 
brate the meter for each location in the pipe or duct. 
Once calibrated, however, they are sufficiently accurate 
for measuring flow and several commercial instruments 
are based on these principles. 

In another form of instrument, the air flow is indi- 
cated by a piston that opens and closes ports permitting 
the passage of the air. 
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A galvanometer is connected in a Wheatstone Bridge 
circuit with the thermometers so that variations in- 
their relative resistance deflect a needle to the 
right or left. 
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The heater is installed between the two thermometers. but is shown separately to make the diagram clear. 
FIG. 5. CONNECTION DIAGRAMS FOR ELECTRIC AIRFLOW 
METER 
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Another instrument which is entirely electrical de- 
pends upon the cooling effect of the air passing an elec- 
trically heated coil to give an indication of the amount 
of air passing. The connections are shown herewith. 

Of recent years preheating the air for combustion 
has become quite common in large power plants as air 
preheated by the flue gases not only reduces the stack 
losses but aids combustion. 

Where preheated air is used the plant record should 
include hourly readings of the temperature of the at- 
mosphere and the air in windbox. These readings may 
be taken by an indicating mercury thermometer or by 
a recording thermometer which would indicate all the 
fluctuations in temperature. 

In furnaces that depend upon natural or induced 
draft, the temperature of the air for combustion may 
be obtained by thermometers placed in the ash pit. 


WITH STEAM at a fuel cost of 36 cents for 1000 lb. 
and 18 cents a 1000 lb. for labor, maintenance, supplies, 
depreciation and overhead, a 14-in. diam. steam leak 
or its equivalent at 100 lb. pressure will cause a loss of 
$327 a year. For the same steam costs, 100 ft. of 4-in. 
bare pipe will cause a radiation loss of $454 a year. 
These figures, given by the Brown Instrument Co., 
should give cause for thought when looking at bare or 
leaking steam lines. 
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Furnace Operation Shown by Draft Measurement 


Fue, Bep Conpitions, Excess Amr LeakaGE, VARIATIONS IN Loap, FALLEN BaF- 
FLES AND Soot ACCUMULATION GIVE CHARACTERISTIC READINGS ON Drart GAGES 


Just what means are used for supplying air for com- 
bustion depends entirely upon the individual installa- 
tion. For hand fired furnaces in which the coal is 
burned on grates, natural or stack draft is usually satis- 
factory, though when the fuel used is anthracite of small 
sizes, it is sometimes necessary to force the air into the 
furnace through the fuel bed due to its high resistance 
to air. In this case a fan or blower is used to drive 
the air into the ashpit, the pressure in which is varied 
to suit the load conditions. Induced draft, that is, em- 


N THE process of combustion, the oxygen which 
unites with the carbon, hydrogen and other combus- 
tible elements in the coal comes to the furnace as part of 
the air. The only element of air which is of value in 
securing combustion is the oxygen which forms practi- 
eally one-fifth the volume of air. Other elements in thé 
air are dilutents that not only hinder combustion to 
some extent by preventing intimate mixture of the oxy- 
gen with the combustible elements of the coal but lower 
the temperature of the furnace because these inert gases 


THEORETICAL WEIGHT OF OXYGEN AND AIR REQUIRED FOR COMPLETE COMBUSTION AND THEORETICAL WEIGHT OF AIR 
FOR DIFFERENT FUELS 
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Courtesy Edge Moor Iron Company 


must also be heated to the temperature of the furnace 
and discharged with the flue gases as a dead loss of heat. 

It is important, therefore, that no more air be used 
than is necessary for complete combustion and for this 
reason the draft, the force causing the movement of air, 
must be carefully regulated at various points through 
the boiler setting in order to secure intimate mixture of 
the air and combustible gases as well as to supply the 
proper amount of air for the load being carried on the 
boiler. 

Movement of air, like that of water, is caused by a 
difference in pressure, the air traveling from the higher 
to the lower pressure, unless the pressure is mechanically 
raised. In handling air for combustion, therefore, it 
has been customary to lower the pressure within the 
furnace by connecting it through gas passages and 
breeching to a stack which, being filled with a long col- 
umn of hot gases, causes a lower pressure in the furnace 
than that of the atmosphere surrounding it. The course 
of the air into the furnace is directed by dampers and 
doors while the amount drawn in is proportional to the 
draft and the resistance to air flow through the fuel bed. 
Draft is controlled by a stack or breeching damper in 
the case of natural draft; where forced or induced draft 
is employed, however, the speed of the fan may also be 
varied to suit the requirements of combustion. 


Av. 7.65 


ploying a fan in the breeching to draw the gases through 
the furnace and gas passes, can be used to increase the 
draft created by the stack but with a high resisting fuel 
bed the necessary draft within the furnace is so high 
that air leaks are likely to develop in the setting which 
admit air where it cannot be used for combustion. 


TYPICAL CONDITIONS IN NATURAL DRAFT FURNACE 





DRAFT REQUIRED FOR VARIOUS RATES OF COMBUSTION 
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Some types of stokers can be used with either natural 
or forced draft while other types require forced draft. 
In practically all cases where the combustion rate is 
greater than 35 lb. per sq. ft. of grate surface, forced 
draft is required. 

With pulverized fuel furnaces, primary combustion 
air comes in with the fuel, that is, the fuel is blown in 
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on a current of air. This primary air is not sufficient 
for complete combustion so secondary air is usually ad- 
mitted around the burner and through hollow wall tile. 
In most eases this air is drawn in due to the low pres- 
sure maintained within the furnace, though some engi- 
neers seem to favor carrying higher furnace pressures, 
so forced draft is employed in those cases for intro- 
ducing secondary air. 
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FIG. 1. APPROXIMATE FORCED DRAFT PRESSURE REQUIRED 
AT DIFFERENT RATES OF COMBUSTION FOR UNDERFEED 
STOKERS 


Gases from the furnace are drawn through the 
passes of the boiler to the breeching by the difference 
in pressure between these two points in the gas passage. 
Natural draft is usually sufficient for this purpose if the 
boilers are not carried at high ratings and no economizer 
or air preheater is installed. Under the latter condi- 


tions induced draft fans are invariably used. 

Since air is one of the elements of combustion and 
draft is a measure of the force causing the flow of air, 
controlling the draft in the various parts of the boiler 
setting becomes an essential factor in the control of the 
stoker, the process and rate of combustion, and steam 


FIG. 2. DRAFT GAGES OF COMMON TYPE. ABOVE, SINGLE 
TUBE FOR FURNACE DRAFT. BELOW, DOUBLE TUBE GIVES 
FURNACE AND STACK DRAFT WITH DIFFERENTIAL APPARENT 


generation. In the operation of a boiler, therefore, it is 
important to know continuously the draft at three points 
—ashpit or windbox, furnace above grate and the 
breeching on the boiler side of the dampers. Knowledge 
of the proper draft at other points is also valuable in 
case trouble develops. 

The amount of draft must vary with changes in the 
fuel bed, size and kind of coal, load carried on the boiler 
and atmospheric conditions. It will vary also with 
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changes in baffling, whether they be intentional or acci- 
dental, with changes in the amount of soot accumula- 
tion, with leaks in the setting and with varying effi- 
ciencies of combustion. Each boiler has its own charac- 
teristics and the only reliable method of determining 
what the draft should be at the different points of the 
setting is to note their values at varying load condi- 
tions when combustion is as nearly perfect as can be 
obtained and the setting, baffles and tubes are known to 
be in perfect condition. ._ With these draft values as 














FIG. 3. INTERIOR OF DIAL TYPE, THREE POINTER DRAFT 


GAGE EMPLOYING MULTIPLE DIAPHRAGM 


guides, a variation in any one will indicate a condition 
which should be investigated. 
DraFrt GAGES 

Because the variations in air and gas pressures 
through a boiler setting are so extremely small they are 
invariably measured in inches and fractions of inches 
of water, that is, the height of a column of water which 
the draft or pressure will support in a U tube, or modi- 
fied form, against the atmospheric pressure. Thus with 
one leg of the U tube connected by hose or piping to the 
gas or air passage and the other open to atmosphere, 
the difference in the level of the water in the legs of 
this U tube will indicate the pressure if the water in 
the atmospheric leg is the higher and the draft or vac- 
uum if the water in the other leg is higher. 

What is ordinarily spoken of as differential draft is 
the difference in pressure between two points in the 
setting, usually the furnace and the breeching. This 
differential draft represents the loss in pressure due to 
the friction of the gases through the gas passes of the 
boiler and increases with increase in load, with increase 
in excess air or with accumulation of dust or slag on 
the tubes. Thus with standards set for various loads, 
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the differential gage quite definitely and immediately 
indicates to the operator the correctness of combustion 
and a continuous increase in draft loss through the set- 
ting, other conditions remaining constant, points to an 
accumulation of soot or slag on the tubes. A sudden 
drop in differential draft together with an increase in 
flue gas temperature indicate a fallen baffle. 

Gages for indicating the draft in the furnace and 
differential gages are usually of the inclined type with a 
seale that reads in tenths and hundredths of an inch. 
These two instruments are frequently combined and so 
sealed as to give quite definite instructions to the firemen 
what draft conditions to maintain for varying loads. 

Considering the draft in the furnace, experience with 
a particular boiler and tests will point to the draft con- 
ditions that will give the highest efficiency. Variations 
from this would call for immediate investigations. Thus 
with a certain load a definite thickness of fuel bed should 
be carried—the draft loss through the fuel bed is a 
measure of the thickness. Holes may develop in the 
fuel bed which will be indicated by a rather sudden drop 
in draft loss through the fuel. A fuel bed that is uni- 
formly too thin is indicated by draft loss that is below 
normal and an excess of air which is shown by an in- 
crease in the differential draft. 

To the man in charge of boiler operation, draft gages 
tell such an important story that not even the smallest 
plant can really afford to be without them, at least the 
simple types described above. In large plants their im- 
portance is greater and more convenient types of indi- 
cating and recording draft gages have been developed. 
These are placed on the boiler control board and in some 


installations instruments are provided for indicating the 
draft at as many as five points in the setting. 

In one type of indicating draft gage of the dial type, 
the actuating mechanism comprises a multiple box dia- 
phragm spring and a highly sensitive and positive move- 
ment which is provided with adjustment for setting the 
pointer to zero if deranged from any cause. 














THREE POINTER DRAFT GAGE EMPLOYING 
DIAPHRAGM 
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FIG. 5. DIAGRAM OF TWO POINTER DRAFT GAGE USING 


LEATHER DIAPHRAGM 


Another draft gage, which is manufactured in both 
indicating and recording types, employs a series of metal 
diaphragms built up in the form of bellows for the 
actuating mechanism. The application of pressure tends 
to elongate the tube and the resultant motion of one 
side is multiplied by restraining the motion of the other 
side with small metal helical-coil springs. The introduc- 
tion of these springs creates the required amount of 
motion with a reduced number of diaphragms and gives 
a compact, sensitive and sturdy movement. The move- 
ment of the diaphragm tube is translated into a rotary 
movement and transmitted to a shaft by means of simple 
levers. This instrument may also be built up in one case 
to indicate the draft at three points of the setting. 

In Fig. 5 is shown the operating mechanism of a 
pointer draft gage which consists essentially of a slack 
leather diaphragm and a phosphor bronze cantilever 














INDICATING DRAFT GAGE OPERATED BY LIQUID 
SEALED BELL FLOAT 
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spring attached to a pointer which is mounted on a pivot 
bearing. The diaphragm merely transmits the force of 
the draft or the pressure to the flat bronze spring, which 
in turn moves the counterweighted pointer and produces 
a reading on the scale in direct proportion to the magni- 
tude of the force. 

Operation of the draft gage shown in Fig. 6 involves 
the principles of the liquid sealed bell, the balance and 














SKELETON VIEW OF BELL TYPE DRAFT GAGE THAT 
CAN BE MADE UP IN ANY NUMBER OF UNITS 


FIG. 7. 


the pendulum weight, so combined as to indicate on a 
dial, or record on a chart, the pressure or draft in the 
compartment to which the instrument is connected. 

A bell, sealed with a liquid to form a gas holder, is 
suspended from the end of a beam and extends into an 
oil chamber. The beam is pivoted at the fulerum and 
carries with it a pendulum weight rigidly attached to 
this point. A draft or pressure is transmitted to the 
float by means of a small tube connected with the inte- 
rior causing the bell to rise or fall as the case may be. 
This rise or fall is registered on the dial by an indicat- 
ing arm hovering over a scale on which each calibration 
represents 1/100 of an inch of water. 

Using the bell and seal principle, the type of instru- 
ment shown in Fig. 7 has been designed for convenience 
in any desired number side by side at the top of the 
boiler control board. The draft connection is made to 
the standpipe in the reservoir which is partly filled with 
the oil used to seal the bell. The bell is suspended from 
a knife edge on a beam which is supported by a pair 
of knife edges at its center. At the other end of the 
beam also suspended from a knife edge, is a rod which 
serves as a counterweight to balance the weight of the 
bell. 

In Fig. 8 is another bell float type of draft gage, 
so designed as to give a straight line motion to the 
pointer over a flat scale. 

The process of combustion is the chemical union of 
combustible elements in the fuel with the oxygen of the 

_air. The chemical union takes place in the fuel bed and 
in the furnace space above the fuel bed, in furnaces 
burning coal on grates. In passing through the fuel bed 
the oxygen of the air first comes in contact with the 
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carbon in the coal where carbon dioxide is formed. This 
gas passing to the upper layers of incandescent coal is 
deficient in free oxygen so the upper layers act as re- 
ducing agents to take one atom of oxygen from the car- 
bon dioxide forming carbon monoxide as the gases leave 
the fuel bed and pass into the furnace space. If air 
were not admitted above the fuel bed the percentage 
of carbon dioxide (CO,) in the gases would be very 
low and the carbon monoxide (CO) very high. As CO 
is a combustible gas, complete combustion has not oc- 














FIG. 8. FLOATING BELL TYPE DRAFT GAGE WITH STRAIGHT 
LINE SCALE 


curred until all the CO has been changed to CO,. So 
it is essential to introduce sufficient air into the furnace 
space above the fuel bed to supply the oxygen for the 
combustion of the CO. 

This is done in several ways. First, through the 
firing or observation doors. The disadvantage of this 
method is that the air enters in a large stream and does 
not mix intimately with the combustible gases in time 
for complete combustion before they strike the boiler 
heating surfaces. 

With some chain grate and underfeed stokers air 
is admitted at the rear end of the grate, passing up the 
face of the bridgewall where it is usually deflected over 
the fuel bed by an overhanging arch or waterback. This 
method causes some turbulence but not as intimate mix- 
ing as is desirable. Perforated tiling around the furnace 
walls just above the fuel bed has been found very effec- 
tive for introducing air and tuyeres so arranged as to 
drive jets of air across the furnace and cause intimate 
mixing of the gases are probably the most effective. 

For the best combustion the zone method of supply- 
ing air at different pressures under the fuel bed in chain 
grate and underfeed stokers has been found to provide 
an effective means of controlling the fuel bed. 

Measurement of draft presents a convenient and eco- 
nomical means of knowing what is taking place inside 
the furnace and gas passages and hourly records of the 
draft gage readings should be made a part of the daily 
log, if recording draft gages are not installed. 
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Gas Measurements That Indicate Efficiency 


SIGNIFICANCE OF TEMPERATURES AND ANALYSES OF GASES IN THE OPERA- 
TION OF BOILERS AND Mreans AVAILABLE FOR SECURING THESE CONDITIONS 


N THE operation of a boiler a continuous knowledge 
of conditions of the furnace and flue gases is essen- 
tial. These are the temperatures in the furnace and 
stack and the composition of the flue gas. The drop in 
temperature through the passes or tubes of the boiler 
is a measure of the heat transfer. The relation between 
the furnace and stack temperatures may also indicate 
poor combustion, air infiltration and soot or scale accu- 
mulation. Flue gas analysis gives a knowledge of the 
completeness of combustion, the amount of excess air 
and the infiltration of air at points beyond the combus- 
tion zone. 
TEMPERATURE MEASUREMENTS 


Furnace temperatures range from 2000 to 3000 deg. 
F., which are too high for the ordinary type of mer- 
cury thermometer, so some form of pyrometer must be 
employed if this temperature is determined. For this 
purpose three types of pyrometers are available: The 
thermo-electric, the optical and the radiation types. 


TERMINALS 
PORCELAIN BASE 
INSULATORS 
PROTECTING TUBE 
ELEMENTS 


FIqg. 1. PART SECTION OF THE THERMOCOUPLE 


-Thermo-electrie types are based on the principle of 
the thermocouple, i. e., by joining two dissimilar metals 
or alloys and applying heat to the point of junction, an 
electromotive force is generated which is proportional 
to the temperature at the point of junction. By meas- 
uring this electromotive force with a millivoltmeter 
which has a scale calibrated to read in degrees, the tem- 
perature at any point in the furnace can be read directly 
on the instrument. This type of pyrometer can be 
secured for either indicating or recording purposes and 
may be located at any convenient place. Instruments 
made by various manufacturers differ in the metals 
used in the thermocouples and in the mechanical details 
but the principles of operation are substantially the 
same. 

Optical pyrometers are so constructed that they com- 
pare and balance luminous radiations. By means of 
this principle, measurements can be made within a range 
starting at about 1400 deg. F. and extending up to the 
highest known temperatures. They are based upon the 
fact that the intensity of light from incandescent bodies 
varies in a definite manner as the temperature changes. 
By filtering out one color, usually red, from all the light 
emitted by the incandescent body or gas and comparing 
the intensity of this one color light with the intensity 
of the light of the same color from a standard light 
source, designated as tip in Fig. 2, the intensity of 
which can be varied and measured, the temperature of 
a furnace can be read direct on-a calibrated scale. As 


the optical pyrometer depends upon matching up two 
colors, which cannot be done automatically, it is made 
only for indicating purposes. 

Radiation types of pyrometers depend upon radiated 
heat directed upon a thermocouple for determining the 
temperature of the furnace. One has two parts: (1) a 
receiving tube, Fig. 3, which collects the radiation (both 
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DIAGRAM ILLUSTRATING PRINCIPLE OF OPTICAL 
PYROMETER 


Fig. 2. 


dark and luminous) from the hot body on a conical 
mirror, which in turn concentrates them upon a highly 
sensitive black thermocouple and (2) a millivoltmeter 
with wire connections to the thermocouple to measure 
the voltage generated in it by the radiations. This milli- 
voltmeter may be of either the indicating or recording 
type. 

Flue gas temperatures are not as high as those in 
the furnace so different types of instruments are avail- 
able for measuring these temperatures. As the gases are 











RECEIVING TUBE ILLUSTRATING PRINCIPLE OF 
RADIATION PYROMETER 


Fia. 3. 


not luminous neither the optical nor the radiation types 
are suitable; the thermocouple type, however, can be 
used to advantage as it permits placing the indicator 
in any desired location. The resistance bulb type also 
has this advantage. This type, shown diagrammatically 
in Fig. 4, depends upon changes in electrical resistance 
with changes in temperature to determine the tempera- 
ture of the gas. The apparatus, by means of electrical 
instruments, measures the resistance of the bulb X* and 
therefore the temperature of the bulb by the wheatstone- 
bridge method which, when the bulb is properly cali- 
brated, gives a reading with a high degree of accuracy. 

Specially designed mercury thermometers for both 
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indicating and recording purposes are used in many 
plants for determining the fiue gas temperature. In one 
make the bulb, Fig. 5, consists of a long capillary tube 
wound helically and anchored to a central stiffener rod. 
In this instrument, the bulb, the connecting tube and the 
the spiral spring in the case are solidly filled with mer- 
cury under very high pressure. The connecting tube 
permits the location of the recorder or indicator at any 
distance: up to about 150 ft. from the location of the 
bulb, which is usually sufficient to permit of any con- 
venient location in the boiler plant. 

In some instruments gas under pressure is used in- 
stead of mercury for transmitting changes in pressure 
due to changes in temperature from the bulb to an indi- 
eating or recording instrument. Other types use the 
vapor pressure of a liquid where the temperature does 
not run over 500 deg. F. as the actuating fluid of the 
instrument. 

The mechanism operating the indicating hand or 
recording pen arm may be a coiled spring tube, Fig. 6, 
or any other pen actuating device suitable for use on 
a sensitive pressure gage. 

In determining the temperature of any gas in the 
furnace or the breeching for record purposes, care 
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FIG. 4. DIAGRAM OF ELECTRICAL RESISTANCE THERMOMETER 
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FIG. 6. COILED SPRING TUBE MECHANISM FOR OPERATING 


THERMOMETER INDICATING ARM 


should be taken to secure as nearly the average condition 
as possible. Just where to locate the pyrometer bulb is 
a problem that can be definitely determined only by 
traversing the furnace space or the breeching cross- 
section. What is desired in a report is the temperature 
at which all the gas passing a particular point would be 
if thoroughly mixed. By averaging all the readings in 
a traverser and placing the bulb at the point that gave 
this average temperature, the results obtained will be as 
fair as ean be obtained practically, though, of course, 
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a difference in the velocity of gases at different points 
along the cross-section may cause an error. 

Ordinarily flue gas temperature readings are taken 
in the breeching leading direct to the stack on the stack 
side of the damper. When, however, an economizer or 
air preheater is installed that uses the gases from two or 
more boilers, a true picture of the gas temperature could 





FIG. 5. HELICAL BULB USED WITH ONE MAKE OF MERCURY 
THERMOMETER 


not be had without records of the gases from each boiler 
before they enter the common breeching. Thermometers 
should also be installed to indicate or record the pre- 
heated combustion where air preheaters are in use, as 
air of too high temperature is liable to give trouble. In 
some pulverized coal plants preheated air runs to ‘tem- 
TABLE I, HEAT CARRIED AWAY BY DRY CHIMNEY GASES 
PER POUND OF COMBUSTIBLE* 




























































































TEMPERATURE OF CHIMNEY GASES, DEG. FAHR. 
LBs. | 800° | 850° | 400° | 450° | 500° | 550° | 600° | 650° 
12 7504] 905 | 1060 | 1216 | 1370 | 1528 | 1683 | 1840 
a 21% 5.24 6.2] 7.8] 8.7] 9.5 | 10.5 | 11.6 | 12.7 
ef 15 865 | 1112 | 1805 | 1498 | 1679 | 1880 | 2072 | 2262 
Eg |_16.8% | 6 7.6} 9.1'| 10.8 | 11.6 | 18.0 | 14.8 | 15.6 
Sp 18 | 1004 | 1821 | 1550 | 1778 | 2010 | 2285 | 2460 | 2692 
3 14.0% | 7.2] 9.1 | 10.7 | 12.2 | 13.9.) 15.4]17 | 17.9 
og 21 1266 | 1580 | 1785 | 2060 | 2320 | 2582 | 2846 | 3118 
> # 12.0% | 8.7] 10.5 | 12.8 | 14.2] 16 | 17.8 | 19.5 | ot 
Bo 24 =| 1440 | 1740 | 2040 | 2340 | 2640 | 2940 | 8240 | 3540 
28 10.0% | 9.9] 12 |14 | 16.1 | 18.2 | 20.8 | 22.4 | 24.4 
gS 27 1611 | 1950 | 2281 | 2620 | 2958 | 3291 | 3628 | 3962 
eB 9.8% | 11.1 | 18.5 | 15.7 | 18.1 | 20.4 | 29.7] 95 | 97.4 
3% | 80 | 1785 | 2160 | 2580 | 2000 | 8270 | seai | 4016 | 4990 
& 8 8.4% | 12.4 | 14.9) 17.4 | 20 | 22.6 | 25 | 27.8 | 30.4 
a § 88 | 1957 | 2862 | 2779 | 3180 | 3589 | 4000 | 4405 | 4820 
z< 7.6% | 18.5 | 16.8 | 19.2 | 28 | 24.7 | 27.6 | 80.5 | 38.2 
9 86 | 2180 | 2579 | 8020 | 3461 | 3910 | 4350 | 4798 | 5290 
7.0% | 14.7 | 17.8 | 20.8 | 28.9] 27 |30 | 388 | 36.6 
89 | 2300 | 2781 | 3261 | 8743 | 4220 | 4700 | 5180 | 5670 
6.5% | 15.9 | 19.2 | 22.5 | 25.8 | 29.2 | 82.4 | 35.7 | 39 
42 | 2479 | 2999 |.3508 | 4023 | 4540 | 5052 | 5570 | 6100 
| 6.0% | 17.1 | 20.6 | 24.7 | 27.7 | 31.8 | 84.8 | 39.4 | 42 
* Gebhardt Steam ne Plant Engineering. 
Heat wasted in B. t. 
Heat wasted in per cant. of total heat in cqal. 
peratures as high as 600 deg. F., but with stokers 400 


deg. is about the limit at the present time. 


Five Gas ANALYsIS 


As a check on combustion, an analysis of the flue 
gases is the most authentic and instruments are now 
available for making this analysis quickly and even 
automatically and continuously. With complete com- 
bustion, the flue gases will contain no combustible gases, 
the most likely one to exist being carbon monoxide (CO). 
Yet because plenty of air is always available, there is 
likely to be an over supply used, which would result 
in an analysis which is low in percentage of carbon 
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dioxide (CO,) and high in oxygen (O,). Again the 
gases may show incomplete combustion (CO) and at the 
same time an excess of air (high O,). This may be 
caused by the gases being chilled before they have had 
time to burn, due to low setting or stratification, or by 
insufficient combustion air in the furnace accompanied 
by leaks in the setting beyond the combustion zone. For 
perfect combustion there must be enough air to supply 
the oxygen for completely burning the carbon, hydrog n 
and sulphur in the fuel, but no more. This is practi- 
cally impossible as it has been found necessary to provide 
some excess air though this is being reduced gradually 
as combustion processes are being perfected. Carbon 
being by far the most important combustible element in 
fuel, the most important among the flue gases is the CO, 
and once a standard percentage of CO, has been estab- 
lished for a given setting and fuel, it is only necessary 
to maintain this standard to ensure best results. When 
this standard cannot be maintained the flue gases should 
be tested also for O, and CO, an examination of which 
should point to reasons for failure to maintain the 
proper CO,. These determinations are usually made by 
means of an Orsat apparatus which has become standard 
for spot sampling. The essential features of the Orsat 
are: shown in Fig. 8 though commercial types are more 
conveniently arranged. 


TABLE II. RELATION BETWEEN EXCESS AIR, CO, AND FLAME 









































TEMPERATURE 
Effect of Percentage of Cog Upon 
Temperature of Fire 
Sp inte ge | weeeieranlag: laueie 
20 2 ad 3910 9 
~@ 16 15 3190 36 
13.4 18 2700 64 
11.4 21 2340 Eye 
10 . 24 2060 118 
8.9 27 1850 146 
8 30 1680 173 
7.3. 33 1535 200 
6.2 36 1415 227 
6.2 39 1315 254 
5.8 42 1225 282 
5.0 48 1085 336 























To obtain a true sample of the gases is quite as im- 
portant as making the analysis and to determine the 
proper location of the sample tube sometimes requires 
considerable preliminary exploration and judgment. 
Pockets back of dampers and at bends and other loca- 
tions that are likely to affect the average gas mixture 
must be avoided. The gas sample is carried from the 
sampling pipe in a single tube to the bottle A for the 
separation of the condensed moisture and tars, past the 
tee (the tube should be capillary bore) to which the col- 
lecting bottle B is connected, through the suction 
bottle C half filled with water which indicates that the 
sample is being drawn and the rate, thence to the 
aspirator which should cause a strong, continuous and 
uniform rate of gas flow. The collecting bottle B is 
fitted with a 3-way stopcock. 

The vessel D is somewhat larger than B and contains 
the water used for displacement. It is connected to B 
by a rubber tubing fitted with a pincheock for regu- 
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lating the flow out of and into the bottle B. With this 
apparatus a continuous sample is drawn from the main 
stream of the gases, a small part of this sample is 
drawn off continuously for 15 or 30 min. or other suit- 
able period, and a portion of this sample is then analyzed 
in the Orsat. 

In operation the bottle I, containing water and con- 
nected to the bottom of the burette H, is raised and 
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lowered, with proper operation of the stopcocks, to draw 
a measured sample of gas into the burette. This sample 
is then forced in and out of the first container E, which 
contains a solution of caustic potash, for the absorption 
of CO,. The loss in volume of the gas due to this 
absorption is measured by means of the burette and 
recorded as per cent CO,. The remaining gas is then 
passed into the second container F, where the oxygen 
is absorbed by a solution of pyrogallic acid and caustic 
potash. The gas is again measured and the second loss 
recorded as O,. Then the CO is absorbed in the third 
container, G, by ammoniacal solution of cuprous chlo- 
ride. The final loss in volume is the per cent of CO in 
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Fig. 8. ORSAT APPARATUS FOR ANALYZING FLUE GASES 


the gases." The whole test is performed in a few min- 
utes and the results obtained are sufficiently accurate 
for commercial purposes. 

' As the per cent CO, in the gases is the principal 
index to incorrect combustion, a frequent check of the 
gases for CO, should be made during operation and in 
many plants a continuous record is kept by automatic 
machines. 

For spot indication of CO,, one convenient hand 
operated instrument consists of a specially designed 













metal chamber, the lower part of which contains a large 
volume of caustic solution with a layer of oil floating 
on the surface. The gas is drawn through the upper 
part of the chamber until a fair sample is secured when 
the inlet and outlet connections are closed and the in- 
strument given a good shaking to mix the gas with the 
solution. The CO, is absorbed and causes a reduction 
of pressure within the chamber which is proportional to 
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DIAGRAM ILLUSTRATING OPERATION OF CO, 
RECORDER 
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the volume of the gas absorbed. This pressure is 
measured by a sensitive pressure gage calibrated to read 
in per cent of CO,. 

Recording CO, instruments have been developed 
along several principles; volume, pressure, specific 
gravity and electric resistance. Among the first to be 
developed is virtually a recording Orsat. One make 
employs caustic potash solution for a reagent and the 
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FIG. 10. SECTIONS THROUGH MOTOR OPERATED CO, 
RECORDER 







motive power is obtained from a constant flow of water 
and the periodic operation of an automatic siphon. The 
moving parts consist of a clock movement for rotating 
the chart, the pen actuating float and the dotting 
mechanism. The chart produced is a series of dots, each 
dot representing an analysis, the frequency of which 
is regulated by a valve in the water inlet pipe. 

Water enters through inlet pipe 1, Fig. 9, flows 
through coils surrounding absorption vessel 2 and 
measuring vessel 3, which are all submerged in oil tank 
4, thereby keeping gas at uniform temperature. 
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Water enters measuring vessel 3 at the bottom, traps 
a definite volume of gas in bulb 5 (gas having entered 
neck between 3 and 5 through pipe 21 when water 
previously lowered through action of siphon), forces 
the gas, due to height of water in tube 14, through tube 
6 into caustic container, where it bubbles up through 
caustic solution 7, which almost instantly absorbs CO, 
gas present. Water also rises in tube 17. Pressure in 
chamber 9 forces oil 8 through tube 11 into float tube 
10, which encloses a float to the upper end of which is 
fastened a pen 13. The greater the per cent CO, in 
the flue gas the shorter the rise of float carrying pen 13. 
Water rising in float tube 14 raises a float which 
operates a mechanism causing pen to press against 
chart. This occurs after pen 13 has assumed a steady 
position. Water now siphons out through 17, which 
projects into vessel 3 farther than pipes 14 and 22. The 
water is lowered in the system as the siphon takes water 
away faster than it is delivered, releasing pressure on 
the gas, which escapes to atmosphere through pipes 22 
and 14. Float in tube 10 and pen 13 drop to normal. 
A fresh charge of gas is drawn in through 21 and ‘cycle 
repeats. 
Steam 
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FIG. 11. PRINCIPLE OF RECORDING THERMOMETER BASED 
ON CHANGE IN PRESSURE 


Water passing through the siphon operates aspirator 
18, creates suction through oil seal 19, and draws flue 
gas through the chamber of filter 20. It is part of this 
gas which is drawn through intake pipe 21 as a new 
charge as the water recedes. Bubbles in oil seal 19 indi- 
eate aspirator is working. 

Another automatic Orsat type of CO, recorder, Fig. 
10, is driven by an electric motor to which a pump is 
attached that draws the gas from the breeching through 
an indicator bottle and discharges through a measuring 
piston into a measuring chamber. The gas bubbles 
through the potash solution and the residue is caught 
under a float, the position of which actuates the record- 
ing pen in accordance with the per cent CO, absorbed. 

Under constant drop in pressure, the volume of gas 
passing through an orifice will be constant, a variation 
in volume will cause a variation in the pressure drop. 
This principle is made use of in one type of CO, recorder 
to register the reduction in volume of the gas due to 
the absorption of the CO, by a potash solution. The 
gas is drawn through two orifices of exactly the same 
size with the absorption agent between them and the 
difference in pressure drop calibrated to read per cent 
CO, in the gases. 

One instrument is designed to record not only the 
per cent CO, in the flue gas, but the CO as well. This 
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is done by first determining the CO, then passing the 
residue through a red hot electric furnace and burning 
the CO to CO, and again testing for CO,. This is done 
mechanically and automatically and the results recorded 
on a chart. 

In electrical CO, meters, the property on which the 
measurement is based is the heat conductivity of the 
gases. The method consists in passing the flue gas to 
be analyzed around a heated platinum wire, which is 
mounted in a metal chamber and then comparing the 
electrical resistance of the platinum wire with that of 
an identical wire mounted in another identical metal 
chamber and surrounded by a gas of known composition. 
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FIG. 12. DIAGRAMMATIC SKETCH AND WIRING DIAGRAM OF 
AN ELECTRIC CO, RECORDER 


The resistance of the wire exposed to the flue gas will 
vary with its temperature and the temperature of this 
wire will vary according to the rate at which heat is 
conducted from the wire to the walls of the enclosing 
chamber. 

As the principal transfer of heat from the hot wire 
to the chamber walls is due to the thermal conductivity 
of the gas in the chamber, and as the thermal conduc- 
tivity of the flue gas changes appreciably with the pro- 
portion of CO, in the gas, it follows that the comparison 
of the electrical resistance of the wire exposed to the 
flue gas with that of the wire exposed to the standard 
gas will give a measure of the CO, in the flue gas. 

Other instruments are designed to record the CO in 
a somewhat similar manner, the heat due to the com- 
bustion of the CO to CO, giving the temperature differ- 
ence which is measured and recorded or indicated as CO. 

One of the later types of CO, recorders is based on 
the fact that the specific weight of flue gas increases in 
proportion to its CO, content, CO, being about 50 per 
cent heavier than the other constituents of the flue gases. 

In order to determine the specific weight of the flue 
gas by a substantial force, a rotating motion is imparted 
to the flue gas by means of a motor driven fan running 
in a chamber. This fan drives the gas against the 
blades of an impulse wheel and thus produces on the 
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shaft of the wheel, a torque, which is in proportion to 
the CO, content of the flue gas. 

In order to eliminate the influence of changes in fan 
speed, the temperature, humidity and atmospheric pres- 
sure a comparing torque is produced on another impulse 
wheel by air to which a rotating motion is imparted in 
a second chamber by means of a second fan driven by 
the same motor. This fan, however, rotates in the op- 
posite direction. 

By a system of levers and links, the difference in 
torque exerted by the two impulse wheels is shown on 
a scale graduated to read in per cent CO, in the flue 
gas. 

To secure reliable results from gas analysis instru- 
ments they must be given considerable care. The sam- 
pling tubes must be kept open and free from air leaks. 
The chemicals require renewal at regular intervals. As 
a matter of routine, the results obtained with recording 
instruments should be checked against hand analyses 
made with an Orsat at intervals which, through ex- 
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Fig. 13. CO, RECORDER EMPLOYING PRINCIPLE BASED ON 
SPECIFIC WEIGHT OF FLUE GAS 


perience, have proved sufficiently frequent to insure 
proper operation. 

Once the flue gases pass to the stack, what losses have 
occurred cannot be recovered. The value in watching 
the temperature and analysis lies in the possibility of 
correcting uneconomical conditions as soon after they 
occur as possible. So intricate, however, is the process 
of combustion that some undesirable conditions can not 
be detected by any one instrument. For this reason a 
complete record of conditions as indicated by the instru- 
ments available in the plant should be kept and 
scrutinized carefully each day for variations which indi- 
eate a lowering of efficiency or the development of 
dangerous conditions. 


IN ORDER to maintain the requisite lubricating film 
within the clearance spaces of heavy machines, oil must 
be delivered in measured quantities and under sufficient 
pressure to counteract in part the operating pressures 
which prevail. 
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Feedwater 


Borers ARE TOWARD COMBINATION OF SYSTEMS. 


ELectroLytic MrtHops Have POssIBILITIEs. 





PRESENT TENDENCIES IN METHODS OF TESTING FEEDWATERS AND THEIR SUB- 
SEQUENT PURIFICATION AND TREATMENT FOR USE IN MopERN PowWER PLANT 
Continuous BLow-Down 
METHODS AND ADOPTION OF THE ZEOLITE ProcEsS INCREASING IN USE. 
By SHEPPARD T. PoWwELL* 








MPROVEMENT in the design and operation of all 

forms of steam generation equipment has made 
necessary the use of good feedwater. This condition 
holds true in all plants irrespective of the type or size 
of the station. Since the quality and chemical com- 
position of many natural waters vary greatly and since 
the operation of the steam station differs so widely, 
there can be no universal water purification system to 
meet all conditions. Most engineers realize the im- 
portance of using good water but generally have no 
specific knowledge as to the type of treatment best 
suited to meet their specific requirements and which 
may be warranted from an economic viewpoint. There 
are a relatively large number of processes available of 
more cr less value from which the engineer may choose. 

Summing up the entire problem, three specific con- 
ditions should be fulfilled in the successful purification 
of water for steam making purposes. These are: (a) the 
prevention of scale, (b) the elimination of active corro- 
sion and (c) the control of priming or foaming of the 
water within the boiler. The degree to which these con- 
ditions are regulated is a matter of the proper choice 
of the treatment system and the intelligence and care 
exercised in the operation. 


CoMBINATION OF TYPES OF TREATMENT BEING 
DEVELOPED © 


All forms of water conditions may be grouped under 
internal or external treatment. As these terms indicate, 
they represent the correction of the water within the 
boiler by chemicals and other means or outside of the 
equipment by a variety of chemical or mechanical proc- 
esses. During the past four or five years various com- 
binations of the two groups of treatment have been 
developed, some of which have decided merit. The 
earliest and most extensive treatment was the preven- 
tion of scale by adding directly to the boiler water a 
variety of substances many of which were of doubtful 
value and not infrequently, harmful. Later, chemical 
softening outside of the boiler was inaugurated and this 
. process had widespread use and is still employed ex- 
tensively. Softening by base-exchange material, the use 
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of evaporators and other processes have come into use 
more recently. = 

A review of the history of these developments can- 
not fail to impress one with the increasing interest in 
this phase of applied engineering and its economic im- 
portance. At no time has so much thought been given 
to feedwater treatment as at present and many new 
developments are anticipated. This stimulated interest 
indicates a healthy condition but is fraught with a cer- 
tain amount of danger to those who are uninformed. 
New processes should be adopted only after there is 
sufficient proof of their merit and with an assurance 
that operating difficulties may not result. 

Within recent years, a number of innovations have 
taken place in feedwater treatment and methods of 
control of the purification process and in boiler opera- 
tion. Notable among these have been the appearance 
of continuous blow down systems and deconcentration 
appliances, steam purifiers, electrolytic scale and corro- 
sion prevention systems, acid feeding equipment to 
inhibit embrittlement of metal, deaerators and deaerat- 
ing heaters. 


Continuous BLow Down MetuHops HAvE USEFUL 
APPLICATIONS 


Continuous blowing down of boilers, particularly 
when this may be done without undue loss of heat from 
the blow down water, has merit. This form of feedwater 
control has a particular sphere of usefulness in plants 
where the solids concentrate rapidly within the boilers 
or where there is a marked tendency toward priming 
and foaming. Many ingenious schemes have been de- 
veloped by manufacturers of these equipment in the 
utilization of the heat released by the blow down water. 
Apparatuses have been developed recently utilizing the 
blow down water for the operation of hot chemical 
softeners. When properly designed to fit in with the 
heat balance of a steam station and adaptable to the 
water supply, good results may be obtained. It may 
be safely predicted that development along these lines 
will continue, especially in respect to automatic device 
to regulate the desired concentration of salts in the 
boiler water. 

Steam purifiers may not in a strict interpretation 
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be considered as water purification apparatus. The 
necessity. for such equipment is due largely to the con- 
dition of the feedwater so that these appliances are 
usually classified as appurtenant devices to the boiler 
water rectification apparatus. Many designs have been 
developed lately and radical changes in design and con- 
struction of these appliances are now in progress. 
Many stations put into operation recently, have provided 
for steam purifiers and continuous blow down equip- 
ment, augmenting the water treatment. The wisdom of 
these combined treatment and control systems has been 
demonstrated completely. Their introduction in a steam 
station depends upon the economic balance between the 
cost of the installation and operation and the saving 
resulting therefrom. The value of these appliances ur- 
der conditions where there is a tendency toward high 
concentration of solids has been proven. 
ELEcTROLYTIC MretHops BEING INVESTIGATED 

Active research in electrolytic methods of feedwater 
treatment is now in progress in this country and abroad. 
Many engineers in the past have been skeptical of the 
value of such methods, a condition that has resulted 
from attempting to put into practice undeveloped equip- 
ment. The value of some of these appliances for in- 
hibiting corrosion has been demonstrated recently and 
considerable interest has been aroused by the successful 
application of these systems on heaters and surface con- 
densers. The use of metallic salt particularly arsenic 
compounds as an auxiliary treatment to electrolytic 
methods is an interesting procedure which gives con- 
siderable promise. 

Acid treatment of high alkaline feed water has ad- 
vanced greatly and many new developments in this field 
may be expected. The substitution of phosphate in- 
hibitors in place of sulphate and the use of organic 
substances to inhibit embrittlement of boiler steel is 
being carefully watched. The influence of dissolved 
gases, particularly oxygen, in accelerating the corrosion 
of iron, has been known for a long time. Active corro- 
sion from this source is usually not pronounced, how- 
ever, unless the gas comes into direct contact with the 
metal surface. Feedwater that contains no scale form- 
ing solids should, therefore, be efficiently deaerated. 
Equipment for deaerating water is now recognized as 
an essential adjunct to any treatment plant where scale 
formation has been eliminated. 

Treatment of feedwater by chemicals within the 
boiler has been put on a much higher plane within the 
past few years due to the constructive and conscientious 
efforts of some manufacturers. There are still many 
unreliable products offered for this service. 
results are possible, however, by internal treatment, 
when the proper chemicals are employed that are suit- 
able for the particular type of water and when the 
process is controlled by routine analytical testing of the 
water so treated. No form of internal treatment should 
be employed where the chemical composition of the 
product is not known. 

Increasing popularity of zeolite water softeners has 
resulted in the improvement in the softening of min- 
erals, especially in respect to periods required for re- 
generation and their relative softening capacity. 
Further developments are anticipated in this field. The 
use of barium as a water softening agent has been 
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steadily increasing. A cheap source of barium would 
result in a rapid development in lime-barium softening, 
since this process has a decided advantage over the lime- 
soda for particular types of water. The use of coagu- 
lants in chemical water softening plants is steadily 
increasing, since it has been demonstrated that there is 
a decided advantage to this procedure. Sodium alumi- 
nate has proven particularly effective for this service. 


Removal of solids in solution and in suspension in 
water by the principle of ‘‘electro-osmosis’’ is the most 
novel method of water treatment that has appeared 
during the year. The system consists in electrolyzing 
the water as it flows through a series of cells, resulting 
in the removal of soluble salts and effecting a high de- 
gree of purification. To what extent this process may 
be applicable for the treatment of boiler feedwater has 
not yet been demonstrated, although its use for this 
purpose has been suggested. 


QuaLity oF Water AFFECTS CHOICE OF PURIFICATION 
System : 

In the choice of the proper type of feed purification 
system primary consideration is given to the quality 
of water to be treated and the various items of station 
design and operating service. Equally important, how- 
ever, is the control of the apparatus and no system can 
function satisfactorily that is not operated intelligently 
in respect to the fundamental principle upon which the 
apparatus is designed. The efficient operation of treat- 
ment plants and proper control of boiler water con- 
centration will be reflected in a large measure by the 
accuracy and frequency of the analytical testing, prac- 
ticed as a routine procedure. A few simple tests if 
made at sufficiently frequent intervals and the data 
properly interpreted will be an invaluable guide for 
good control. 

Specific tests applicable to all types of waters and 
for all conditions may not be established. There are a 
number of routine analytical determinations that may 
be carried on in all plants, however, that indicate gen- 
eral operating conditions in respect to boiler water con- 
centration. Specific interpretation of these data de- 
pends on so many local conditions that generalization 
is useless and frequently is misinterpreted. Routine 
tests that will be of value in determining the proper 
concentration of solids in boiler waters are: (a) total 
alkalinity, (b) total solids, (¢) chlorides, (d) sulphates 
and (e) conductivity. From the results of the analytical 
tests properly interpreted, careful control can be main- 
tained at all times. There is a marked tendency to the 
use of electrical methods of water analysis and many 
station operators are employing such apparatus with 
signal success. Appliances of this kind have a par- 
ticular sphere of usefulness in conjunction with control 
of acid feeding equipment and in continuous blow down 
systems. These testing outfits may be indicating or 
recording. This form of control is much more rapid 
than testing by chemicals and is the only method by 
which a continuous recording record may be obtained. 
Where equipment of this kind is employed, it should be 
checked for accuracy at frequent intervals. 

With these new developments now in progress there 
ean be little doubt that the treatment of feedwater is 
fast becoming an exact science worthy of the best efforts 
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of those interested in this phase of engineering. These 
conditions must keep pace with the developments in 
the field of steam engineering, which are continually 
presenting new problems, reflecting on the type and 
operation of the water purification systems. 

To meet these demands there must be developed en- 
gineers with special training in this field. There is 
little opportunity at present in the curricula in the 
engineering school for such training and operators must 
rely largely upon experience gained in practice. Many 
serious mistakes may be avoided if those directly re- 
sponsible for treatment of feed may be given an oppor- 
tunity of obtaining basic information in fundamental 
principles of such treatment. Water treatment for any 
purpose is essentially a chemical process. To fully 
appreciate the functioning of such treatment, an ele- 
mentary knowledge of chemistry is necessary. It is not 
essential that an operator should possess advanced 
chemical training to control a feedwater plant efficiently 
but some chemical training is advantageous for such 
control. The present tendency in steam station design 
would tend to indicate that special courses in feedwater 
treatment should be an essential feature in the univer- 
sity courses dealing with this subject and that elemen- 
tary knowledge on the subject should be a requirement 
for steam station engineers’ license. 


Tests of Raw Water Involve 
Many Processes 


FOLLOWING CAREFUL ANALYSIS OF WATER, 
RecuLaR Routine Tests ArE MapeE By 
Power PLANT PERSONNEL AND REcorps Kept 


EED,WATER treatment is more largely mechanical 
than chemical but much chemical procedure is in- 
volved in the determination of the proper treatment 
required in any particular case. A perfect water for 
boiler feed use is one which will deposit no scale-forming 
substances, will not corrode metal of boilers or appur- 
tenances and will result in neither priming nor foaming. 
Such water is seldom obtainable except by artificial 
purification. An analysis of a certain lake water, shown 
herewith, illustrates the complexity of its composition. 
Grains — S. Gal. 
Volatile and organic matter 
Silica 
Iron and alumina oxides 
Calcium carbonate 
Magnesium carbonate 
Magnesium sulphate 
Sodium sulphate 
Sodium chleride 
Sodium nitrate 





Suspended matter 
Free carbonic acid 





Incrusting solids 
Non-incrusting solids 
Volatile and organic matter 


Many agencies, such as mineral deposits, wastes, 
drainage and even the air from which water may absorb 
oxygen and carbonic acid operate to contaminate water. 
Determination of impurities in water is therefore no 
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simple process. Hence initial tests should be made by 
a competent chemical engineer who has knowledge of 
the mechanical as well as the chemical features of the 
problem. 

Carefully made initial tests, however important, are 
not sufficient. The composition of water at its source 
varies sometimes abruptly, sometimes with change of 
season due largely to contamination from industrial 
wastes. Even wells cannot be relied upon to furnish 
water of constant composition. Degree of contamination 
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Ss a 


Pounds of solids peroved from boilép 
uw 


feed wafer per 1000 gallons use 


0 
Jan. Feb Mar Apr May June Aug. Sept Oct. Nov. Dec. 
VARIATION OF SUSPENDED SOLIDS IN A CERTAIN WATER FOR 
DIFFERENT MONTHS DURING A YEAR 


CLASSIFICATION AND SOLUBILITY OF BOILER WATER 
INGREDIENTS 


(GROUP A) HARDENING AND INCRUSTING SUBSTANCES 
Known As Action in Boilers 

Forms thick,soft scale and 
Y —4 thick,soft scale ant 0.8 
Gypeun eons hard, ataee ate ecale 120.0 
Magnesite Seaee Sant suuke can sedge ae 
(GROUP B) HARDENING AND CORROSIVE SUBSTANCES 
Chloride of Line Corrosive in presence of mag-| 3 


Epsom Salt 








|Solubility** 
86.0 


Chemical Name 





Calcium Bicarbonate 
Caleium Carbonate* | Li 
Calcium Sulphate 


Magnesium Bicarbonate) 
Magnesium Carbonate 











Caloium Chloride 
Magnesium Sulphate 
|Magnesium Chloride : Extremely corrosive 

(GROUP C) NON-HARDENING AND NON-INCRUSTING SUBSTABCES 


Baking Soda These substances are also 
Washing Soda known as soluble sodium salts, 
Glaubders Salt They do not destroy sogp nox 
Common Salt Ge they form scale. 


(GROUP D) SHDIMEET FORMING SUBSTABCES 


These gubstances are non- har- 

dening and do not of themselves 
form scale. ‘They form sediment 
that they mix with seale 2615108 | 
it color or unnatural appearance 


ne 
Corrosive under most condi- 
tions 








Sodium Bicarbonate 





Sodium Chloride 








Ferrous Oxide 
Ferrio Oxide 
Alumina 
Silicie 
Suspended Matter 


Rust 











Sand 
Mud, dirt 








*Generally ocour in natural waters in the bicarbonate form, seldom 


; ag the carbonate 
| ‘“*So1udi1ity at about 60 deg. F..in grains per U. S. gallon. 








frequently changes considerably with the time of the 
year as shown in Fig. 1, in which the change in amount 
of suspended solids is shown. Other factors, such as 
agitation of water have influence upon the amount of 
impurities it may take up. Periodical tests are, there- 
fore, essential to proper operation; these tests thay be 
made, for the most part, by properly instructed plant 
personnel, but if so conducted and radical changes in 
eomposition of water are observed, checks should be 
periodically made by a competent chemical engineer. 
Data taken from neighboring plants cannot solely 
be relied upon in determining the kind of treatment to 
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be installed in a specific plant although such data pro- 
vides a guide for decision. A gypsum vein, for example, 
may extend quite a distance through a comparatively 
narrow field and this fact, together with the formation 
of the strata of earth at the location desired may greatly 
affect or have little or no effect upon the water supply, 
depending upon the conditions. 

Hard water cannot be detected by sight because the 
substances that cause the quality known as hardness are 
contained in the water in dissolved form. Since the 
amount of a substance that can be dissolved in water is 
measurable, its solubility can be determined. Besides 
dissolved impurities there may also be contaminations 
which are held in suspension. Tests, therefore, of water 
supply must include those of a mechanical or physical 
nature as well as of a chemical one. Accuracy of de- 


termination depends upon the ability of the observer 
and the care with which the tests are made. 

Among the tests that should be made are tests for 
the following: Total alkalinity, carbonate, bicarbonate 


ENGINEERING 27 


and hydrate alkalinity, hydrogen-ion concentration, chlo- 
rides, dissolved oxygen, total solids, suspended solids, 
turbidity and total hardness. 

Determinations of alkalinity and of chlorides and of 
dissolved oxygen are made by chemical analyses. 
Hydrogen-ion concentration is now conveniently found 
by means of a roulette comparator apparatus which 
permits of rapid determination by calorimetrical means. 
Turbidity determination is facilitated by the use of a 
turbidmeter which is made up essentially of a glass tube 
with a flat polished bottom enclosed in a metal ease. 
This is supported over an English standard candle and 
so arranged that one may look vertically down through 
the tube at the flame of the candle. From test figures 
obtained in this way a table may be prepared giving 
the depth of the water in the tube at which the image 
of the candle just disappears and the corresponding 
turbidity. Total hardness is a measure of the amount 
of calcium and magnesium dissolved in the supply. This 
amount is also obtained chemically. 


Treat Feedwater for Its Specific Duty 


DETERMINATION OF TREATMENT VARIES WIDELY AND INVOLVES CoNSIDERA- 
TION OF Many Factors AND COMBINATION OF DirrERENT METHODS 


ETERMINATION of impurities in water has been 

shown to be a complex process. It is obvious, 
therefore, that feed-water treatment involves many 
processes rather than one simple method. There can 
be no cure-all that can successfully be applied to all 
waters. Each situation must be considered individually 
and such treatment selected that will best provide a 
water as nearly ideal as economic consideration will 
dictate. The determination of best procedure, there- 
fore, again should rest with one who is competent to 
consider not only the mechanical and chemical features 
involved but also the economic basis of his individual 
problems. 


TREATMENT MetHops SHOULD BE INDIVIDUALLY 
DETERMINED 


Treatment methods that are used with success in at 
least some one situation are: plain sedimentation, sedi- 
mentation aided by chemicals, filtration, softening by 
chemicals, softening by base-exchange (zeolite type) 
materials, evaporation, boiler compounds, deconcentra- 
tion, deaeration, and other miscellaneous methods such 
as electrolytic treatment, continuous blow-down, ete. 

Common impurities found in water, their possible 
effect when used in boiler feed water and the type 
treatments employed to eliminate their bad effects are 
shown in table herewith. 

Many processes are used in combination. Frequently 
a process which may not be very effective when em- 
ployed alone adds much when used in combination with 
other processes. Settling tanks may be so employed. It 
is less costly to eliminate settleable solids by this means 
than by any other and a large reduction in the cost of 
water-purification chemicals may be effected by plain 
sedimentation prior to coagulation or softening. The 
determining factors in favor of preliminary settling 
basins are: 

1. Reduction in the cost of coagulation and filtra- 


tion resulting from a lesser amount of chemicals required 
for these purposes. 

2. Better clarification in coagulation and secondary 
basins, thereby reducing the load on filters. 

3. Increasing length of runs between cleaning of 
filters with reduction in wash water. 

4. Less solids deposited in softeners. 

5. Reduced solids in evaporators where the equip- 
ment is supplied with water that receives no other 
treatment. 

6. Removal of foreign matter that would otherwise 
coat the crystals in a base-exchange system and thus 
inhibit the action of such system. 

Savings effected by the use of a settling tank are 
shown in Fig. 1. 

Coagulants such as aluminum sulphate, ferrous sul- 
phate of lime, sulphate of iron, sodium aluminate and 
similar materials are used to accelerate the subsidence 
of suspended matter and increase rates of filtration. 
The amount of coagulant required to effect good clarifi- 
cation varies with the nature and amounts of suspended 
and soluble solids contained in the water. Coagulation 
is almost always carried out as a stage of purification 
preliminary to filtration. The efficient operation of the 
filtering system depends largely upon the effectiveness 
of coagulation and subsidence before the treated water 
passes to the filters. 


CHOICE oF Fitter INVOLVES Many Factors 


Most filters for industrial use are designed to operate 
at a relatively high rate of flow, usually from 2.5 to 
5.0 gal. of water per min. per sq. ft. of filter area. 
Good clarification may not be effected at all times at 
these rates unless the water is pretreated. Choice of 
right size and grade of sand and of depth of bed are 
essential to proper functioning of sand filters. Pure 
quartz sand, free from loam, clay or acid-soluble ma- 
terial, is desirable. At present, it is considered good 
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TYPE TREATMENTS REQUIRED FOR VARIOUS KINDS OF 
CONTAMINATION 


for reuoval from 
water 


ot wheo 
present in doiler 
water 


source on 
sudstance 


Suspended solids Surface drainage, trede 


or 


exchange 


exchange by evapora- 


exchange » by evapora. 
exchange aa by evapora- 
waste ° times by or evapora- 


aineral deposits rosive under some 


mosphere, mineral depos- 
1 tion of 


practice by most engineers to use sand having an effec- 
tive size of from 40 to 60 cu. in. Two methods of back- 
washing are in general use; one featuring upward flow 
of water at relatively high velocities—12 to 15 gal. of 
water per min. per sq. ft. of filter area—without other 
means of agitating the sand and the other using re- 
volving power driven rakes or compressed air for agita- 
tion while the water moves upward at a lower rate. 
Saving, by use of a filtering system, is shown in 
Fig. 2. The overall annual saving resulting from the 
operation in this particular plant amounted to 25 per 
cent on the capital investment. The cost of filtration, 
including capital operating charges, fluctuates widely 
for different systems and varying operating conditions 
from 0.2 to 4.0 cents per 1000 gal. of water treated. 
Water softening by chemicals may be classed as 
either of cold process or hot process type or of con- 
tinuous or intermittent class. Continuous process plants 
are generally favored for stationary plants particularly 
when the feed water demand is constant. The necessary 
apparatus is also much smaller since only one tank is 
required and better subsidence is effected but more de- 
tailed attention is required than with intermittent 
softeners. However, intermittent softeners permit of 
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FIG. 1. SAVING IN COST OF ALUM RESULTING FROM PRIMARY 
SETTLING OF RAW WATER PRIOR TO COAGULATION 
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more accurate dosing with chemicals since the entire 
charge of softening reagent is added to the water in 
proportion to the volume and immediate hardness of 
the water supply. Proper mixing and thorough chem- 
ical reaction are of greatest importance. Because of the 
greater amount of time required in the cold process it 
is difficult to obtain complete reaction in the few hours 
reacting and settling period. 

Sodium aluminate, use of whith had heretofore been 
prohibitive because of high cost has recently been found 
to be of such benefit as an accelerator in lime and soda © 
softening plants operating on cold water that its use is 
increasing, notwithstanding its cost is still compara- 
tively high. Heating increases chemical reactions and 
insoluble compounds formed settle more rapidly and 
are more completely removed in a hot process than in a 
cold process softener. 

Tilustrative of savings accomplished by hot process 
treatment is a plant in Jackson, Michigan, where time 
of cleaning boilers was reduced from 21 to 4 days and 
a saving of $3556.40 in total cost of boiler peed 
realized in one year’s time. 


CoNCENTRATION Control Avomps STEAMING 
DIFFICULTIES 


Control of concentration, due to accumulation of 
foreign substance in repeatedly used feed water, may 
be secured in different ways, among which are: 

1. Use of evaporators to remove practically all of 
the solids from the feedwater or partially to reduce 
them by treating the incrusting sulphate with barium 
carbonate ; 

2. Removal of a portion of the suspended solids 
from the boiler water with return of water to boiler 
without appreciable loss of heat; 

3. Regulation of blow-down so as economically to 
control the permissible alkali salt concentration with 
utilization of the heat from the blow-down water to 
preheat the feedwater, whenever consistent. 

Two systems for reducing the degree of concentra- 
tion now extensively used, are the deconcentrator sys- 
tem, which is peculiarly adapted to internal treatment 
methods, and the stabilizer system, which is actually a 
continuous blow-down system with provision made for 
recovery of condensate and prevention of appreciable 
heat losses. Sodium salts and other soluble matters 
are not removed by the deconcentrator. The effect of 
application of a deconcentrator is shown in Fig. 3. 

An interesting device for automatically controlling 
continuous blow-down is operated by the amount of 
water removed from the steam purifier. The separated 
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moisture is conveyed to the exterior of the boiler where 
it is discharged by a piston actuated trap. The number 
of trap discharges per unit of time will increase or de- 
crease with the quantity of the steam generated. The 
workable concentration, therefore, increases with light 
loads and decreases with heavy loads. Continuous blow- 
down of boilers should not replace regular blow-down 
valves as they may at times be required also. 
ZEOLITE INSTALLATION INCREASES EVAPORATION 

Softening water by base-exchange silicates generally 
termed zeolites, is being employed usually in conjunc- 
tion with other water treatment methods. At the pres- 
ent the term ‘‘zeolite’’ is applied not only to a certain 
group of mineral hydrous silicates, but also to a number 
of base-exchange silicates which are artificially pro- 
duced. The equipment used in a zeolite water softener 
is similar to a pressure filter, although instead of filtra- 
tion, the process is one of chemical exchange. The up- 
flow principle of operation seems to be the more success- 
ful. 

Water softened by means of base exchange usually 
contains some calcium and magnesium even when the 
apparatus is operated at maximum efficiency ; the term 
‘‘zero hardness’’ usually used by zeolite apparatus 
manufacturing concerns is, therefore, misleading as it 
may be thought to indicate complete removal of calcium 
and magnesium. Overloading zeolite water-softening 
materials greatly reduces their efficiency. Increase of 
evaporation per pound of coal as secured by installation 
of a zeolite softener is indicated in Fig. 4. 

Recent tendency toward higher boiler ratings, large 
sized boilers and higher steam pressures and tempera- 
tures have imposed the requirement of greater purity 
of feedwater than was formerly deemed necessary and 
as distilling water is the most efficient method for re- 
moving suspended or soluble solids, it is being employed 
with increasing favor in the larger plants. The pounds 
of distilled water produced by an evaporator per pound 
of steam used is termed the ‘‘evaporative efficiency.’’ 
Single-effect evaporators will deliver about 0.8 lb. of 
distillate per pound of steam. A double-effect evapo- 
rator, that is, two units of same size in series, will 
produce about double this amount per pound of steam. 
The theoretical increase in evaporative efficiency due to 
number of effects is shown in Fig. 5. The average evap- 
orative performance for multiple effect units is about as 
follows: R 


Single-effect evaporator 

1 to 0.8 
Double-effect evaporator 1 to 1.6 
Triple-effect evaporator 1 to 2.2 


of Deconcentrator 


Suspended Solids in RRM 
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Time in Days 
FIG. 3. CURVES SHOWING AMOUNT OF SUSPENDED SOLIDS 
IN BOILER WATER WITH AND WITHOUT USE OF DECONCEN- 
TRATOR 
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FIG. 4. CURVES SHOWING AVERAGE EVAPORATION PER LB. 

OF COAL BEFORE AND AFTER INSTALLATION OF ZEOLITE 
SOFTENER 


Where R is the ratio of pounds of steam supplied to 
pounds of distillate produced. 

When operating with water containing excessive 
amounts of salts in the water, it may be possible to 
operate the evaporator more economically and efficiently 
by removing the scale-forming solids prior to evapora- 
tion of the makeup water. 


CorrosivE AcTION REepUcED By DEGASIFICATION 
Due to increased corrosive action of water when im- 
pregnated with certain gases, the importance of remov- 
ing these gases, especially in high power plants, has 
become more and more apparent. Two general types of 
degasification apparatus, mechanical or physical and 
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chemical, are now in use. Chemical deaerators or ‘‘de- 
activators’’ operate by removal of the oxygen from the 
water by oxidizing iron, steel or other substances. Raw 
water having a dissolved oxygen content of about 8 to 
10 parts per million, requires a weight of iron equal to 
about 1 per cent of the weight of the water treated. 
Reversing the flow through the regenerative bed results 
in lower consumption of iron than would take place with- 
out regeneration of the actifying material. Deaeration 
may take place in hot or cold solution, but the rate of 
oxygen removal by chemical means is relatively slower 
in cold water than in hot water. Mechanical types of 
deaerators are in more general use. Deaeration is ac- 
complished either by explosive boiling of the water as it 
flows through the apparatus, or by discharging steam 
into the bottom of the deaerating tank through a series 
of nozzles. 

Where it is economically desirable to raise the tem- 
perature of ‘the feedwater to say only 160 deg. F., as 
when economizers are utilized, it may be desirable to 
effect degasification by chemical deaerators. When the 
temperature of the water is lower than 212 deg. F., live 
steam may be employed to raise the temperature of the 
water prior to passing it through the deaerator. The 
efficiency of degasification appliances depends upon the 
type of system employed, the control of operation and 
the adaptability of the process to meet the peculiar set of 
conditions in specific cases. Degasification of feedwater 
by mechanical means results in the removal of practically 
all gases which may be entrained in the supply while 
chemical deaerators merely remove oxygen from the 
water and in some cases the volume of CO, and hydrogen 
may be increased in the deoxygenated water. Mechani- 
cal deaerators, when properly designed and operated, 
eliminate practically 100 per cent of the dissolved oxy- 
gen and free CO, and may reduce a certain amount of 
CO, which is loosely combined chemically with certain 
alkaline salts. 


SELECT CHEMICALS WITH CAUTION 


Boiler compounds may be classed as follows: Those 
that have little or no effect in retarding scale or cor- 
rosion and in preventing priming and foaming; those 
which have resulted in actual serious corrosion and have 
caused damage to boilers in other ways; and those which 
are prepared by reputable manufacturers and possess 
merit. The latter have a particular sphere of usefulness. 

There are still many who believe that all boiler diffi- 
culties due to feed water may be eliminated by the use 
of chemical compounds. Indiscriminate dosing of feed 
water with chemicals cannot be too strongly condemned. 
It should be borne in mind that treatment of water 
within boilers does not eliminate the ingredients in the 
water. Moreover, it is generally more difficult to treat 
boiler water accurately with chemicals internally than 
it is to do so outside of the boiler. It is better where 
possible, therefore, to remove all soluble or suspended 
solids from feedwater prior to use in boilers. 

Internal treatment for large boilers operating under 
present day high pressures and temperatures is usually 
not desirable but certain situations have arisen where 
the employment of such treatment has been successful 
but under these circumstances the treatment is admin- 
istered under the supervision of trained operators and 
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the chemicals employed are varied with changing condi- 
tions of water and in plant operation. Since reactions 
which take place under high pressures and temperatures 
are doubtless quite different from those occurring under 
lower conditions and since no determinations have been 
made thus far as to what the reactions may be at high 
temperatures, the use of chemicals in high powered 
plants should be made with great caution. 

Where internal treatment is employed, the use of 
skimming devices within the boiler has proved to be use- 
ful in promptly removing such converted material as 
may float upon the surface of the water. Such skimmers 
are arranged with a floating element so that varying 
heights of water in the boiler does not effect the action 
of the skimmer. 


Testing Treated Feedwater 


RecuLark Routine Tests ARE Mave AND 

Recorps Kept as Gume To OPERATION 
ONTROL of feed water condition can only be effec- 
tively secured when regular tests of the treated 
water are made and records of these kept and studied. 
These routine tests should be made by properly in- 














SIMPLE APPARATUS NEEDED FOR TITRATION TESTS 


2. 100 cubic centimeter measuring flask. 


1. Sampling flask. 
Dropping bottle containing 


3. Test cup. 4. Glass stirring rod. 65. 
phenolphthalein (Ph) test solution. 6. Stock supply of phenolph- 
thalein-solution. 7. Bottle standard N/20 sulphuric-acid for testing. 
8. Burette with cap held in position by burette clamp and stand. 
9. Dropping bottle with methyl-orange (M.O.) testing solution. 
10. Bottle containing stock supply of methyl-orange testing solution. 
11. Graduate cylinder. 12. Dropping bottle containing potassium 
chromate solution. 13. Stock supply of potassium chromate solution. 
14. Bottle with supply of silver-nitrate solution. 


structed plant personnel. If. any radical changes are 
observed, they should be referred to a properly qualified 
chemical engineer. 


TITRATION PRovipES SIMPLE METHOD FoR TESTS 


Titration, which is simply a means of determining 
hardness by volumetric analysis, is largely used because 
of simplicity of operation. For this purpose phenol- 
phthalein and methyl orange indicators, with N/50 sul- 
phurie acid and standard soap solution, is used for ap- 
proximating hardness determination. The LeMotte 
hydrogen-ion concentrator set is used to some extent 
and in some cases the sulphotometer is of advantage. 

Common titration tests are classed as ‘‘ The alkalinity 
test’’ and ‘‘the salt test.’”? The simple apparatus used 
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to carry out these tests is illustrated. Tests for alkalin- 
ity are made in two steps; determination of the ‘‘Ph.’’ 
alkalinity and that of the ‘‘M.O.’’ alkalinity. One 
hundred c.c. of water is poured into the porcelain dish 
and one drop of phenolphthalein indicator added. The 
water will turn red if any sodium carbonate or caustic 
soda or lime are present. The burette is then filled to 
zero with twentieth normal sulphuric acid. This should 
be gradually added to the water until the red color fades 
out. When the pink color has entirely disappeared, the 
reading represents the Ph. alkalinity. To the same 
sample add 2 drops of methyl orange indicator and con- 
tinue the titration with acid without adding water to the 
burette. If the ‘‘Ph.’’ reading was zero, this test will 
start from zero. The indicator will change the color of 
the water yellow if any alkaline is present. Now add 
acid until the yellow color just changes to orange. This 
gives the M.O. reading. To the sample of water used in 
the ‘‘Ph.’’ and ‘‘M.0.”’’ tests add 4 drops of potassium 
chromate indicator. This will change the color to yel- 
low. Next fill the second burette to zero with standard 
silver nitrate and slowly add silver nitrate from the 
burette. As silver nitrate is added, a red color will 
appear and then disappear. Continue the addition of 


nitrate until this red color just remains permanent, giv- 
ing a faint brownish-red tinge. This is the ‘‘end point”’ 
and the e.c. of silver nitrate used represents grains per 
gal. of salt when the original water sample was 100 c.c. 
In making titrations on a concentrated sample such as a 
boiler water, a good plan is to make a quick determina- 
tion of the end point by adding four drops of titrating 


solution at a time when the test nears completion. 


ConTROL OF BLOWDOWN SECURED BY TESTS 


Control of blowing down of boilers is most efficiently 
secured by determining, by analysis of the boiler water, 
the safe maximum limit of dissolved salt concentration 
and so to regulate the blow down cycle or the amount 
of water passed through the continuous system as to 
maintain a fairly uniform condition of the boiler water. 
It is obviously a gross waste to blow down when there 
are few or no solids to be removed from the boiler. If 
blowing down is controlled by the concentration of the 
solids in the water, daily tests should be made of the 
water from individual boilers as the critical concentra- 
tion is directly affected by the load distribution and 
boiler design as well as by the water quality conditions. 
A definite schedule should be calculated and put into 
effect to maintain workable boiler concentration. Pre- 
caution should be taken in securing a sample from the 
boiler which will be representative of the average con- 
centration, as experience has shown that there is a dif- 
ference in the density of water in various parts of the 
boiler. It is well to secure samples from both gage glass 
and blowoff connection for comparison. Marked differ- 
ence in concentration of solids also occurs in different 
steam drums in the same boiler, hence it is advisable 
to take samples from each drum. 

At the Massillon Station investigation into the mat- 
ter of blow-downs led to the adoption of 300 grains per 
gal. as the desirable limit of concentration. Accord- 
ingly the boilers are blown down every 6 hr., the total 
blow-down averaging about 3.5 per cent of the total 
feed. 
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EMPERATURES of raw water for boiler feed vary 

considerably not only depending upon the source but 
also upon the time of the year. Well water is usually 
colder than city or river water, but is also more uniform 
in temperature. The temperature of any given river 
water varies perhaps more in temperature than that 
from any other source. 

Savines Are SEcuRED By HicH Freep HeEatine 

Heating boiler feedwater by means of exhaust steam 
effects a savings of about 1 per cent of fuel for each 11 
deg. F. rise in temperature of the feedwater. The 
saving for any particular condition may be obtained by 
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FIG. 1. FUEL SAVED BY HEATING FEEDWATER 
Example: Steam at 100 lb. gage, 50 deg. superheat, made from 


feedwater at 205 deg. F., initially 120 deg. F. Saving = 8.2 per cent. 
use of Fig. 1. Savings accomplished: by heating feed- 
water by means of economizers is shown in Fig. 2. 
About 1/7 of the fuel is saved by heating water from 
50 deg. to 210 deg. F. and the steaming capacity is 
increased by 1/6. 

Feedwater heaters may be classified into three types, 
closed heaters, open heaters and economizers. Jet-con- 
denser heaters are coming into use in large steam sta- 
tions and have a particular sphere of usefulness in that 
they may be used to advantage to maintain the oxygen 
content of the condensate at a low concentration. Tem- 
perature to which feedwater is heated has risen consid- 
erably during the past few years. The Massillon, 
Neches and Morrell Street Stations heat their feedwater 
to above 370 deg. F. 

Stage heating is being employed with increasing ex- 
tent. Many plants are now using five stages. At the 
East River Station the water in its coldest state is 
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heated by the ejector condensate; its second stage of 
heating is supplied from the 18th stage of the turbine; 
the auxiliary exhaust furnishes heat for the third stage 
and the 14th and 11th stages of the turbine heat for the 
4th and 5th heating stages respectively. In some cases 
the heat for the first stage is recovered from such appa- 
ratus as pump cooler or air cooler as in the Lakeside 
and Des Moines Stations respectively. Employment of 
stage heating and heat recovery is illustrated graphi- 
eally in Fig. 3. 
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Use of an evaporator in conjunction with a multiple 
effect system and using boiler feedwater as the condens- 
ing and absorbing medium for its output, thus re- 
turning practically all of the heat given up by the steam 
in the evaporator coils to the boiler in the form of boiler 
feed, is shown in Fig. 4. 
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In the development of the continuous blow-down 
process, consideration has been given to the advantage 
gained by utilization of the heat from the blow-down 
water. The economical advantages to be gained by the 
system will depend largely upon the heat balance of the 
station. In the case of systems where there is a defi- 
ciency of exhaust steam, the heat extracted from the 
blow-down water may be used advantageously in raising 
the temperature of the feedwater. 


Measurement and Regulation 
of Feed Water 


ACCURACY IN WATER FEED MEASURE- 
MENT AND AUTOMATIC FEED REGULATION 
CHARACTERIZE MopERN STATION PRACTICE 


EASUREMENT of quantity of water is most accu- 
rately made by weighing it in tanks and where the 
quantity to be measured is not too large and short time 
determinations are not required, this method has advan- 
tages over others but where it is desirable to have con- 
tinuous observations, some form of meter is advisable. 
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FIG. 4. GRAPHICAL HEAT FLOW DIAGRAM OF LOW HEAT 
LEVEL EVAPORATOR PLANT FOR PROVIDING DISTILLED WATER 
FOR MAKEUP 


Water meters are generally used for measurements in 
pipes up to 3 inches in diameter but many types of 
water meters now in the market are inaccurate so that 
they should be checked at least periodically by some 
weighing method. At the Harbor Point Station two 
30,000-lb. weighing tanks, each resting on a scale, are 
used to afford a check on the flow meters. The capacity 
of each tank is about equivalent to the condensate from 
one unit at full load for 10 minutes. 

Meters of the weighing, volumetric and current class 
give total quantity directly regardless of the rate of flow, 
while those of the dynamic, weir, force and thermal- 
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electric class give rate of flow. When the latter are 
used and total quantity is desired, a mechanism involv- 
ing a time element must be added. The volumetric 
meters of the positive type most commonly used in 
power plant practice are the tank, the piston, the disk 
and the rotary. Piston, disk and rotary meters, with 
the exception of the condensation type of the latter, 
are usually placed on the pressure side of the boiler- 
feed pump while tank meters are generally placed on 
the suction side. Where piston, disk and rotary meters 
are installed, they are frequently bypassed so that they 
may be cut out for repairs. Tank weighing meters are 
made with a capacity of 70 gal. per min. Duplex-piston 
meters are not suitable for capacities over 350 gal. per 
min. Disk meters, in which a disk displaces a definite 
volume of fluid at each revolution, are not constructed 
for capacities over 500 gal. per min. Condensation type 


RESULTS OF THREE TESTS SHOWING INCREASES OF EFFI- 
CIENCY OF 4 PER CENT WHEN REGULATORS WERE USED 


| ¢ 
Duration of test, hours 12 12 12 
No. of doilers uncer test 

Plouff feed water governors 

Tenp. of feed water, deg. F. 

Tenp. of superheat, deg. F. 

Boiler pressures, 1b. per sqein. 
ACTUAL SUPERHEAT, deg. F. 

Total heat supplied per 1d. of stean, 





Test A B 





5 5 
In action ; Cat of action; In action 
154.8 157.0 142.7 
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gal. 

Actual weight of water Celivered to 
boilers, 1b. per min. 

Pressure of gas in mains, in. water 

Absolute gas pressure, in. water 

Teap. of gas, deg. F. 

Vol. of gas lat 32 deg. F. and 3O in. 
Bar.), cu. ft. per min. 
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ae (at 32 deg. F. and 30 in. Bar.), 
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Tenp. of flue gases, deg. F. 

Equiv. Evap. from and at 212 deg. F., 
lb. per min. 

EFFICIZNCY OF BATTERY 




















rotary meters are intended for capacities not exceeding 
35 gal. per min. 

Under dynamic or velocity meters, may be classed 
the Venturi tube, the flow nozzle, the orifice, the hyper- 
bolic elbow, and the Pitot tube. Many of the best 
known feedwater measuring devices used in large power 
plants use this principle in one or another of its forms. 
Large quantities of water may be continuously meas- 
ured by this means with considerable accuracy. Meters 
of this class are usually supplied with recording as well 
as indicating devices. 

Weir meters are also used extensively for the meas- 
urement of feedwater. In a V-notch type change of 
head is transmitted to indicating and recording appa- 
ratus, and an integrating or totalizing mechanism may 


be readily attached. V-notch meters are available in 


capacities up to 20,000 gal. per min. and readings when 
carefully calibrated are guaranteed to be accurate within 
114 per cent of actual tank weight. V-notch meters can 
be adapted to any rate of flow by means of interchange- 
able V-notches which, being self-alining, can be easily 
and quickly changed. The continuous record usually 
obtained by use of recording meters affords a means of 
readily checking the performance of a boiler. 
Practically all of the large modern central stations 


and many of the smaller installations are now equipped- 


with automatic regulators, not only to insure continuous 
feeding of the boiler at the proper rate, but to dispense 
with the constant attention necessary for hand control. 
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Of the 16 plants reported in the Dee. 15 issue, only 
one, the Lakeside Station, uses manually controlled 
boiler feeding. Many of the plants provided duplicate 
sets of controls. Feedwater regulators in most common 
use may be classed in the following types: float-lever, 
thermo-pressure and thermo-expansion. For satisfactory 
operation, all feedwater regulators should be used in 
connection with suitable pump governors. Increase of 
efficiency due to automatic feedwater regulation is indi- 
cated in table herewith. 

Feedwater regulators usually depend upon the fluc- 
tuations of the water level in the boiler for their primary 
control. Many boilers are operating today at ratings 
varying from 100 per cent to 600 per cent, and the flow 
must be varied in the ratio of 1 to 4 in nearly every 
public utility plant. For these radical changes in quan- 
tity of steam produced, the level control alone has 
proven unsatisfactory and manual aid has been required. 
This difficulty has been overcome by supplementing reg- 
ulation by fluctuations of water level with regulation 
based upon flow of steam from the boiler. 


Excelsior Makes Good Water 
Filter 


REATMENT of boiler water, particularly from the 

standpoint of the railroad man, was discussed in 
some detail in a paper presented by William Barr and 
R. W. Savidge before the recent convention of the 
American Water Works Assn. in Chicago. 

After covering the various types of water treating 
systems and pointing out their relative advantages and 
disadvantages, the lime and soda softener, which has 
been used in railroad service for more than 25 years, 
was covered in detail. Although this method of treat- 
ment has proved to be generally satisfactory, in winter 
months it is extremely difficult to reduce the hardness 
as low as desired for boiler water without the addition 
of some reagent to drive the reaction farther towards 
completion. 

Sodium aluminate has recently been used for this 
purpose with marked success. After the other chem- 
icals have had a chance to react, it acts quickly with the 
calcium and magnesium salts, producing a good flow 
which assists in carrying down the precipitates already 
formed and effects a completeness of reaction which 
has not been previously possible in cold solutions with 
ordinary treatment. 

Methods of applying chemicals to the water, as well 
as the mechanical handling of the water during the 
entire softening process have proven to be just as impor- 
tant as the use of the correct amount of the chemicals 
themselves. 

It is the writer’s policy to have an excelsior filter 
on top of the softener which completes the clarifica- 
tion of the water in case any light particles are carried 
to the top. There is a great deal of difference of opinion 
on the excelsior filter because it is said to be old-fash- 
ioned and inefficient. Experience with this type of 
filter, however, covering a period of 25 years, has been 
sufficient to cause the installation of excelsior filters in 
three of the latest type railroad plants that have been 
put in operation by their company. 
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Modern Boiler Room Control 


Automatic ConTRoL as APPLIED IN MoperN PLANTS GIVES 
INVALUABLE AID TO THE OPERATOR. By JOHN M. DRABELLE* 


ODAY THE UNITED STATES holds supremacy 

in the production field owing to the fact that it 
has substituted mechanical and automatic means in the 
production of the various articles manufactured, in place 
of hand labor and hand production. The same general 
thought of doing it better with a machine or with an 
automatic device can be and is being applied in boiler 
room practice in central stations today. Each new 
method and each new device introduces some new fea- 
tures in boiler room operation. 

The boiler plant should be regarded strictly as a 
manufacturing concern, manufacturing steam under cer- 
tain pressures and temperatures for use elsewhere either 
in manufacturing processes or in prime movers for the 
production of electric power. It is strictly a heat inter- 
changing process, in which the heat latent in the coal 
is converted into thermal energy in the steam; with that 
factor in mind, each designing and operating engineer 
should approach the boiler room problem. There are 
many devices upon the market today for handling vari- 
ous problems in combustion control and boiler opera- 
tion; many of them possess a great deal of merit and 
produce good results and an ample return on capital 
invested. It is a rather far cry from the old days of the 
damper regulator on the horizontal return tubular boiler 
to the present highly refined steam generating units and 
combustion control devices. 

Each class of stokers or coal burning equipment in- 
troduces certain fundamental requirements if automatic 
control is used and the control must vary in type de- 
pending on whether the stokers are natural draft chain 
grate, forced draft chain grate or underfeed. Introduc- 
tion of preheated air, which is rapidly coming to the 
front, introduces still further problems with all of these 
stokers. 


*Mechanical and Electrical Engineer, Iowa Railway and Light Corp. 


With the general tendency of boiler room design 
today swinging away from the stoker firing towards pul- 
verized fuel firing, the problems confronting the de- 
signer of the boiler plant are numerous, the unit system 
having its particular problems and the central pul- 
verized system having its problems. 

Automatic feedwater control is: so well established 
today that it hardly needs but passing comment, as it 
is the one device applied to our boiler plants that has 
more than made good with a very minimum of mainte- 
nance and operating attention. 


Avuxmiary Drives ARE IMPORTANT 


With the foregoing arrangements of fuel utilizing 
equipment comes the ever-pressing problem of the auxil- 
iaries for driving the stokers, be they of the underfeed 
or chain grate type or the feeders of the pulverized 
fuel equipment. Electric drive offers a flexibility much 
superior to that of steam; its speed changing rheostats 
lend themselves easily to mechanical operation from the 
actuating force of the combustion control device. The 
same comment applies with equal force and effect to 
the forced draft and the induced draft fans. 

Complete automatic control of a boiler is not a par- 
ticularly easy thing to accomplish, owing to the fact that 
the character of the fuel is continually changing, air 
temperatures are changing, and the load on the boiler 
is changing. These devices must have a mechanism 
which will integrate or inter-relate all of these various 
conditions and vary the fuel, the air supply and the 
draft to meet these continually changing and variable 
factors. 

It is impossible for a fireman in a large boiler plant 
to watch continually each and every indicating instru- 
ment that shows the conditions in the boiler and to 
change instantly the flow of fuel or air or draft to meet 
the swings of load upon the boiler. This is where the 
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automatic control steps in and gives its best results. 
It is folly, in a way, to delay applying the various 
machines and control systems that are now available; 
merely waiting for the day of perfection is futile, as this 
day never really comes. Manufacturers cannot make 
progress with these various control systems unless they 
can apply their devices to boilers and work out their 
problems under the actual conditions of everyday op- 
eration. Laboratory tests and small scale tests only 
point toward general solutions and do not ultimately 
solve the problem; the acid test is everyday operation. 
Boiler tests run under carefully controlled conditions 
with observers watching the draft and various tempera- 
tures and pressures throughout the boiler give results, 
owing to the close control and the fixed conditions run 
under, that are several per cent higher than can be 
obtained in ordinary everyday operation, with ordinary 
hand methods of control. It is the function of auto- 


matic boiler control equipment, therefore, tc duplicate 
as closely as possible the results obtained under test 
conditions. 


Measuring and Controlling Boiler Pressure 


INDICATING AND RecorpiIng STEAM PRESSURE GAGES, METHODS OF TESTING AND CALI- 
BRATING THEM; SAFETY VALVES AND THEIR CAPACITIES AND METHODS OF TESTING 


ONSIDERING THE BOILER (together with its 
superheater and economizer, either of the integral 

or separate type) as a steam producing unit, the opera- 
tors of it should have certain information constantly 
at hand in regard to the product steam. They should 
know its pressure and temperature at various points, 
the amount of moisture it carries if not superheated, the 
amount that is being generated by the boiler and the 
rate of generation. They must know how much water is 
in the boiler, how rapidly it is being fed and whether 
or not the proportions of water and fuel (with the air 
necessary for combustion) are being maintained to suit 
the steam demands on the boiler and to give the greatest 
possible economy in making steam. 

To secure the foregoing information, the operator 
needs pressure gages, thermometers, water columns and 
other forms of boiler water level indicators, steam calo- 
rimeters and flow meters. These are in addition to the 
draft gages, CO, instruments and others needed in main- 
taining the combustion conditions. Some plants need 
more of these instruments than others. In any’ case, 
certain of them are absolutely necessary (usually re- 
quired by law) for convenience and safety. Beyond this 
necessary minimum, instruments give invaluable aid 
when they are fully used. 

For most purposes and for pressures up to 1400 lb. 
per sq. in., which is as high as commercial boilers are 
operated in this country, the bourdon tube pressure 
gage, Fig. 1, either of the indicating or recording type, 
is used to determine steam pressures. A pressure gage 
is usually connected to the main steam drum of each 
boiler, if there are several feeding a header, while a 
master pressure gage is sometimes used to give the 
header pressure, this gage being of large size and located 
so as to be visible by the operators of all the boilers. 

Ordinary indicating pressure gages of the bourdon 
spring type should be properly installed, as shown in 
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During the war the superpower study was made 
and in that report are some very interesting predicted 
results as to operation of large stations under test con- 
ditions and what might be obtained under day to day 
operation. These differences range from 3 to 5 per cent. 
In the large modern power plant burning thousands of 
tons of coal per day, even a fraction of 1 per cent—the 
second and third decimal places—becomes extremely 
interesting. Over a year’s operation, the savings thus 
obtained from a fractional*part of a per cent improve- 
ment when capitalized warrants the purchase of appa- 
ratus to produce the closest possible approach to those 
results obtained under test conditions. 

It should not be construed, however, that elaborate 
automatic control can be applied indiscriminately to 
small plants. Every station must have its own problem 
worked out and each case is different and must be de- 
cided purely upon its merits. No hard and fast rule 
can be laid down. Good judgment and careful balancing 
of first costs and savings are involved; it is just a good, 
old-fashioned problem in economics. 


Fig. 2. If the gage is above or below the level of the 
connection point, suitable allowance for the differential 
static head of water must be made, either in calibrating 























FIG. 1. A. SINGLE BOURDON TUBE TYPE PRESSURE GAGE 
B. DOUBLE TUBE GAGE DESIGNED FOR HIGH PRESSURES 


the gage, or by turning the pointer to allow for it. The 
upper two-thirds of the gage is its most accurate reading 
part, since the bourdon tube is not as sensitive for the 
lower pressures of a particular range as for the higher. 
Absolute pressure can be obtained with sufficient accu- 
racy for boiler room work either by adding 14.7 to the 
gage reading or by setting the pointer ahead on the 
gage that much, marking the gage for absolute pressure. 

One of the most important points in regard to the 
pressure gage is to have it tested often enough so that 
dependence can be placed on it. This is absolutely neces- 
sary when boiler tests are to be run, but its impor- 
tance in normal operation is almost as great. One of 
the best methods of testing pressure gages is with the 
dead weight gage tester, Fig. 3. Another method is to 
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compare it to a test gage which has itself been carefully 
checked and calibrated. Such a test gage should be used 
only for this work. The mercury manometer is also used 
for gage testing, especially for extreme accuracy. 

The U-tube or manometer will, of course, measure 
pressure differences but for obvious reasons is not used 
in the power plant for measuring steam pressures, ex- 
cept those below atmospheric pressure. 


A POOR 
ARRANGEMENT 








FIG. 2. PROPER METHOD OF CONNECTING PRESSURE GAGE 


Recording steam pressure gages, Fig. 4, are also 
actuated by a bourdon tube, the movement of the spring 
being transmitted by suitable linkage to actuate a pen 
arm traveling across a chart, which is driven by a suit- 
able clock or electric motor mechanism. In some re- 
corders a hollow helical spring is used as the actuating 














FIG. 3. DEAD WEIGHT PRESSURE GAGE TESTER 


mechanism. This is, in effect, a bourdon tube in a 
different mechanical form. 

Sometimes a double bourdon tube is used, Fig. 1B, 
the opposite motions of the free ends being transformed 
to a single motion by suitable linkage. For high pres- 
sure work, in which the connecting tubing might conduct 
heat through the gage parts and melt solder used in 
them, gages have been developed in which all parts are 
. joined by machine threads to avoid this. 

Steam gages should be placed where there is no 
vibration and where they can be conveniently reached 
for adjustment. ‘They should not be subjected to a tem- 


January 1, 1928 


perature of less than 40 deg. or more than 150 deg. F. 
Graduations and pointer should be of such shape and 
size that they can be clearly observed at a distance from 
the gage equal to 114 times the width of the boiler front. 
Minor graduations of a gage having a range of 300 lb. 
should show not over 10 per cent of the working pres- 
sure and in any case not over 10 lb. All gages in one 
boiler room should have similar face graduations and 
they should be so graduated that the pointer will be 
approximately vertical when reading the normal work- 
ing pressure. When placed above the normal floor level, 
gages should not be tilted forward more than 30 deg. 
They should be well illuminated and free from glare. 
Recording pressure gages are, of course, located 
often at points far remote from that at which the pres- 





ae ETE 
Ry, 








FIG. 4. RECORDING PRESSURE GAGE 


sure is measured. They may be connected by tubing 
elements or may be electrically operated. 

Such arrangements for remote operation of pressure 
gages, as well as of many other types of recording 
gages, have proved of the greatest convenience to power 
plant operators. For application to the boiler, for ex- 
ample, it permits an indicating pressure gage to be 
placed at the boiler, with an element to actuate a 
recording gage placed at some remote point such as the 
office of the chief engineer. In such locations often a 
central gage board is used carrying sufficient instru- 
ments so that the chief can obtain right in his office all 
the data regarding the operation of the principal equip- 
ment in the plant. 

Sarety VALvE Is aN IMPORTANT ACCESSORY 

In considering the performance of any boiler, the 
use and operation of the safety valve must be included. 
When we desire a boiler to operate at a given pressure, 
we want it to operate at that pressure and to have 
some method of relieving the boiler of strain in case the 
pressure goes above that point for any reason, since the 
boiler itself is designed structurally for a certain oper- 
ating pressure and a certain maximum allowable pres- 
sure. As is generally known, there are three principal 
types of safety valves, the direct loaded, the lever and 
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weight and the direct‘spring loaded. The first is not 
used to any extent in the United States. The lever and 
weight safety valve is simple in construction, but is sel- 
dom used for important work. The direct spring loaded 
valve is the only type permitted by the A. S. M. E. 
boiler code and in several states in which boiler laws 
are in force. 

Various codes for boilers provide that the safety 
valve shall be bolted directly to the steam nozzle with- 
out pipe bends or valves intervening between the safety 
valve and the drum. It is also provided that the 
safety valve or valves must be large enough to dis- 
charge the maximum amount of steam that the boiler is 
capable of generating without building up the dis- 
charge pressure more than 6 per cent. In some cases, 
one valve is not sufficient to discharge the maximum 
amount of steam that the boiler can generate and in 
such eases more than one valve is used. Sometimes these 
are in the form of twin valves; that is, two spring 
loaded valves, having a common Y base with a single 
connection to the boiler. In other cases separate safety 
valves are used, each connected directly to the boiler 
and discharging separately to the atmosphere as may 
be desired. 

It has been found in some cases that severe strains 
are placed on the safety valve by having the discharge 
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LEFT—TYPICAL DIRECT SPRING LOADED POP SAFETY 
RIGHT—TEST YOKE OR GAG FOR USE IN TESTING 


FIG. 5. 
VALVE. 


pipe rigidly supported. For this reason it is recom- 
mended that the discharge pipe be separately supported 
in some way, with a sleeve where the valve discharges 
into it to take up the expansion and eliminate strain. 


PRINCIPLES OF SAFETY VALVE OPERATION 


While the construction of the various makes of safety 
valves varies in details, the essential principles common 
to all makes of direct spring loaded pop safety valves 
are the same. Pressure acting upon the valve dise forces 
it slightly off its seat. The steam thus escaping finds its 
passage to the outer air obstructed by the huddling 
Space which causes it to flow downward below the outer 
edge of the lip of the disc. Pressure thus built up 
causes a reaction which enables the valve to open sud- 
denly with a pop. The position of a regulating ring 


ENGINEERING 37 


around the valve seat determines the drop in pressure, 
sometimes called the blowdown, required before the 
valve is again seated. As a general rule with ordinary 
pressures, this blowdown is allowed to be about 4 per 
cent. 

Adjustment for the pressure at which the valve will 
open is made by tightening or loosening the pressure 
of the spring upon the valve dise by means of an adjust- 
ing nut which is usually provided at the top of the 
spindle for this purpose. The spring pressure is, in 
most cases, applied below the seat of the valve to pre- 
vent tipping of the valve. More recent developments in 
the use of high pressure boilers have made it necessary 
to develop certain special types of valves that can handle 
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FIG. 6. LEFT—ELECTRICALLY OPERATED SAFETY VALVE FOR 
HIGH PRESSURE WORK. RIGHT—-NOZZLE TYPE HIGH PRES- 
SURE SAFETY VALVE 


large amounts of steam generated at these pressures 
without undue erosion of the valve and with no 
mechanical troubles. A recently developed safety valve 
of the nozzle type is shown in Fig. 6. 

In connection with high pressure work another point 
arises in connection with the amount of blowdown. If 
this is allowed to be as much as 4 per cent, the pressure 
regulation of the boiler when the safety valve is operat- 
ing is materially affected. According to the boiler code 
this blowdown must not exceed 4 per cent which, in a 
1200 lb. installation, would mean a drop of pressure of 
48 lb. To prevent this large pressure drop, an elec- 
trieally operated valve, shown in Fig. 6, has been de- 
veloped. This is intended to be installed on the super- 
heater outlet in addition to the regular safety valve 
installed there and on the boiler drum. It is set to open 
a few pounds below the other valves and, being elec- 
trically controlled from a special pressure gage with 
electrical contact, the blowdown can be controlled with- 
in any desirable limit, usually 44 per cent to 1 per cent, 
or about 6 Ib. on a 1200 Ib. unit. The valve ean be 
operated automatically through the electrical pressure 
gage system, or can be operated by hand from a control 
box mounted conveniently near the other instruments 
on the boiler room floor. 
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CAPACITIES OF SAFETY VALVES 

Size or capacity of a spring loaded safety valve can 
be determined by the formulas recommended in the 
A. S. M. E. boiler code. The calculations may be based 
either on the heat units in the fuel or on the amount of 
steam generated. In any case, the valve or valves should 
be capable of delivering all the steam the boiler can gen- 
erate without having an excessive pressure built up 
within the boiler. The discharge capacity in pounds of 
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FIG, 7. CAPACITY OF SAFETY VALVES WITH 45-DEG. SEATS 


steam per hour may be found from the following for- 
mula: 

W =110 X P X D X L for bevel seats at 45 deg. 

W =155 X P XD X L for flat seats. 

W =50 X P & A for seats at any angle. 

In the above formulas, 

W =weight of steam that the safety valve will 
handle, in pounds per hour. 

P = absolute boiler pressure, pounds per square 
inch. 

D = inside diameter of valve seat, in inches. 

L = vertical lift of valve disc measured with 3 per 
cent excess pressure in inches. 

A = leaving area in square inches. This in turn 
equals 3.1416 X D X L X the sine of the seat 
angle. 

On all spring loaded pop safety valves a lifting lever 
is provided so that the valve may be operated by hand 
when desired. This lever should be capable of lifting 
the valve 7% in. from its seat and in the commercial 
types of valves is ordinarily capable of more than this. 
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The valve should be lifted from its seat frequently in 
order to be sure that it will operate properly. It has 
been recommended that this be done once a day. It may 
be done by hand, but the best practice is to raise the 
steam pressure until the valve opens and then to note 
the steam pressure at which it pops. There may, of 
course, be various reasons for not operating the safety 
valve by raising the pressure in this way, and this is a 
matter to be left to the individual judgment of the 
operating force. 

When boilers are being tested under hydrostatic 
pressure, it is necessary to gag or stop the action of 
the safety valve in order that pressure may be built up 
in excess of the normal working pressure in the boiler. 
To prevent safety valves from operating in such eases, 
test yokes or gags are applied to the valve. A com- 
monly used type of such gag is shown in Fig. 5. 


Determination of Boiler 
Water Level 


UsE AND CARE OF WaTER COLUMN AND GAGE GLASSES, 
RULES FOR INSTALLATION, TYPES OF REMOTE BOILER 
Water LEvEL InpicaTors, TyPicaAL REcorpS OF WATER 
LEVEL RECORDERS AND DISCUSSION OF THEIR MEANING 


O DETERMINE the level of water in the boiler 
while it is under pressure and in full operation, the 
water column, with its water gage ylass, is used most 
commonly. The A. S. M. E. boiler code provides that 
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FIG. 1. WATER COLUMN, WITH GAGE COCKS OR TRY COCKS, 
WATER GAGE, HIGH AND LOW WATER ALARM 


each boiler shall have at least one water gage glass, the 
lowest visible part of which shall be not less than 2 in. 
above the lowest permissible water level. The lowest 
permissible water level shall be that at which there is 
no danger of overheating any part of the boiler when it 
is operated with the water not lower than that level. 
Figure 1 shows a typical water column with water gage 
and gage cocks on try cocks, as ordinarily used. Each 
boiler water column should have three or more of these 
gage cocks located within the range of the visible length 
of the water glass. If the boiler has two water glasses 
with independent connections to the boiler located on the 
same horizontal line and not less than two feet apart, 
these three gage cocks are not required. 
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The water column itself is of suitable metal, such as 
forged steel or semi-steel to suit the pressure and tem- 
perature conditions under which it is being used. The 
top of it is connected to the steam space of the boiler 
and the bottom is connected in a suitable method to the 
water space. The gage glass, held in place by the water 
gage fittings, indicates the height of water in the boiler. 
The middle of the water column should ordinarily come 
at the normal operating water level in the boiler. For 
high pressure work flat type gage glasses are sometimes 
used as shown in Fig. 2. The gage glass ought to be 
well illuminated and located so as to be visible at all 
times from the operating floor. With very high boilers 
it is sometimes difficult to see the water column from 
the operating floor and in such cases various types of 
adapters can be used to tilt the glass to give a positive 
and reliable indication of just where the water column 
is. Sometimes a colored liquid can be forced into the 
water in the glass to give this positive indication. Vari- 
ous types of illuminators for the water column are in 
use and have proved their effectiveness. Some of these 
illuminate the entire water column, and some focus a 
beam of light on the normal water level. On a very 
high boiler operated at 1400 lb. at the Lakeside Station, 
a form of periscope, shown in Fig. 2, permits the oper- 
ator standing at the burner floor to observe fully every 
movement of the water level. In this particular case 
the méniscus of the water column is illuminated by 
light placed below it and behind it. 

No outlet connection except for damper regulator, 
feed water regulator, drain or steam gages shall be 
placed on the pipes connecting the water columns to the 
boiler, according to the A. S. M. E. code. 

OPERATOR SHOULD Test WATER COLUMN FREQUENTLY 

The most important rule in the safe operation of 
boilers is to keep water in the boiler and as constantly 
at the proper level as conditions permit. The operator’s 
first duty on entering a boiler room is to ascertain the 
correct water level in the boiler or boilers under his 
charge. He should determine whether or not the com- 
munications and valves between the boiler and the water 
glasses are free and open, especially when starting up 
in the morning. This is done by blowing down the 
water column and water glasses and noting the prompt- 
ness of the return of the water to the glasses. The gage 
cocks should also be tried until the operator is sure of 
the water level. This process should be conducted at 
the beginning of each shift and preferably before the 
relieved shift has gone off duty. 

When trouble is experienced with foaming, priming 
or other feed water troubles that are likely to cause 
choking of the connections, the water glasses should be 
tried frequently. The water column and its connections 
should, of course, be kept perfectly tight and the outlet 
end of the discharge pipes from the water column, water 
glasses and gage cocks should be open and free from 
obstruction. 

PROCEDURE IF WATER LEVEL GoEs Out oF SIGHT 

In ease the level of the water is not visible in the 
water glass, the gage cocks should be tried at once. If 
the water level is below the water glass, the supply of 
air and fuel to the boiler should be stopped at once, the 
dampers and ash pit doors closed and, unless fully in 
touch with the entire situation as to boiler feed water 
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supply and absolutely certain that it is safe to continue 
steaming the boiler, the steaming rate should be im- 
mediately reduced. If it is found advisable not to stop 
the steaming rate of the boiler, the cause of the low 
water should be determined at once and immediately 
remedied. If found advisable to stop the supply of fuel 
and air, do not change the feed water supply, open the 
safety valve or change the steam outlet valve or make 
any adjustment that will cause a sudden change in the 
surface acting on the boiler. In the case of hand fired 
boilers the fire should not be disturbed except to cover 
with green coal or wet ash. Where stokers are used the 
fuel feed should be stopped, the air supply shut off and 
the fire doors opened. After the fire is banked or out, 
feed water valves should be closed. When the boiler is 
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FIG. 2. WATER GAGE PERISCOPE AS USED AT LAKESIDE. 
INSERT SHOWS CROSS-SECTION THROUGH FLAT TYPE WATER 
GAGE DESIGNED FOR HIGH PRESSURES 


sufficiently cool, close the fire doors and shut the boiler 
off the line. 

If any unusual or serious foaming occurs, close the 
steam outlet valve long enough to determine the true 
level of the water in the water glass. Careful watch 
should be kept for any sign of oil in the water glasses 
and if it is found, the boiler should be shut down as 
soon as practicable and cleaned thoroughly. 

Owing to various strains that may occur in gage 
glasses, it is often considered desirable to enclose the 
water gage with some form of gage glass protector to 
prevent the flying of glass in case a water glass breaks. 
Such protection is especially valuable when replacing a 
gage. Instructions have previously been given in many 
places regarding the proper storage of gage glasses. 
The least scratch on the inner surface will set up strains 
on the gage glass which make it extremely liable to 
breakage as soon as it is heated up. Various types of 
racks and the various well known rules for handling 
water glasses should be carefully observed to avoid 
trouble. When a water glass has broken, the broken 
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pieces should be removed and the valve slowly opened 
to blow ovt any remaining pieces. Before inserting the 
new glass, see that the drain is open, that the glass 
is of the proper length required and that the connec- 
tions are in line. Unless the water glass is provided 
with: a guard to protect the operator while replacing 
water glasses on boilers under pressure, or unless the 
operator wears a mask, the boiler code provides that 
the valves shall be operated only by remote control. 
Water columns are in many cases fitted with auto- 
matic alarms for indicating extreme low water level r 
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has been referred to above and has given good satis- 
faction. Another device, the inclined water gage, has 
also proved satisfactory and reliable. In some cases in 
large central stations it may be desirable to have a water 
tender’s floor at the level of the water columns, where 
an attendant can observe the operation of the feedwater 
regulators and watch the water levels at the same time. 
Still other devices called remote water level indicators 
have more recently been placed on the market. 

One of these operating by the differential pressure 
vn mercury is shown in Fig. 3A. Another type, Fig. 
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D—VARYING WATER LEVEL PRODUCES 


CURRENTS IN THERMOCOUPLES ON TUBE, ELECTRICAL INSTRUMENTS MEASURE WATER LEVEL VARIATION 


extreme high water level. These alarms are usually 
actuated by a float inside the body of the water column 
which operates a whistle at the top in either of these 
eases. The proper level of water in the glass should be 
maintained at all times without waiting for the auto- 
matic alarm to indicate unusually high or unusually 
low conditions. When an automatic alarm sounds and 
the level of the water is not visible in the glass, the 
operator should test the gage cocks to determine the 
water level before manipulating the feedwater valve. 

With the modern types of high boilers now in use it 
is sometimes difficult to see the water gage from the 
firing floor and several methods have been devised to 
overcome this handicap. One of these, the periscope, 


3B, employs differential pressure acting on a special 
liquid actuated by differential pressure on mercury, this 
liquid being read as it moves up and down a tube. 
Another type is actuated directly by the motion of a 
tloat connected through suitable levers and linkages 
directly with the pen arm of a recorder. The inductance 
bridge principle is used on one type, Fig. 3C. In still 
another type, shown in Fig. 3D, a metal tube has wound 
on it a series of thermocouples. Varying water level 
produces a varying electrical current in the thermo- 
couples. These variations are then measured by an elec- 
trical instrument. 

The water level recorder itself, as noted in the previ- 
ous cases, may be a part of the remote liquid level gage 
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AM 


FIG. 4. SHOWING USE OF WATER LEVEL RECORDS IN COM- 
PARISON WITH OTHER RECORDS OF BOILER OPERATION 


or, as in one or two cases, may be attached directly to 
the water column to record on a circular or strip chart 
the fluctuations in water level. Such records of the 
variations in water level are sometimes of considerable 
importance in the operation of the boilers. This is par- 
ticularly true where it is desired to compare them with 
the records showing aetion of feedwater regulators, 
variations in speed, pressure and the like. Records of 
water level will also show variations from the normal 
conditions, such as conditions of priming in the boiler. 
For testing purposes and for determining the action of 
feedwater regulators, the various records can be com- 
bined and compared as shown on Fig. 4, a record 
taken from a recent N. E. L. A. prime movers commit- 
tee report. Figure 5 shows a composite chart made up 
to demonstrate the different types of indication that 
may be obtained by a boiler water level recorder, which 
may be of importance for the boiler operator. It should 
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FIG. 5. HYPOTHETICAL COMPOSITE WATER LEVEL RECORDER 


CHART, SHOWING INFORMATION THAT CAN BE OBTAINED 

A—Boiler blowoff. B—Gage glass blowdown. C—Average load. 

D—Concentration test. E—Automatic feedwater regulation. F—High 
water. G—Foaming. I—Hand control. 
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be distinctly understood that this is not an actual chart 
from any particular boiler. It is instead a hypothetical 
composite record made up from many records. 


Fusiste Piues 


The A. S. M. E. boiler code, as well as the boiler 
codes of various states, provide for the use of fusible 
plugs in each boiler. These are intended to protect the 
boiler against low water level. The various locations 
for them are determined for various types of boilers 
and are listed in detail in the A. S. M. E. code. In 
general it may be stated that the location of the fusible 
plugs in any boiler must be such that the highest surface 
of the boiler exposed to heat of the gases will be pro- 
tected from danger of overheating. Water ordinarily 
covers the plugs and its temperature is not above that 
of the water. In case this water level should become 
low enough to uncover the plug, the alloy will melt and 
allow steam to escape. Boiler inspectors and other boiler 
authorities do not recommend entire dependence upon 
the fusible plug to give warning of low water. Many 
factors, such as the presence of dirt and grease on the 
surfaces of the plug, may prevent this. In any event 
it should be replaced at least once a year. The 
A. 8S. M. E. code states that where boilers are to be 
operated at working pressures in excess of 225 lb. per 
sq. in. gage, the use of fusible plugs is not advisable. 


Temperature of Steam Is an 
Important Factor 


It Is MEASURED wiITH VarRIoUS TYPES OF 
MerRcuURY ‘THERMOMETERS, GAS-FILLED AND 
Vapor-TENSION THERMOMETERS, THERMO- 
COUPLES AND RESISTANCE PyROMETERS. MoOls- 
TURE IN STEAM Is DETERMINED BY CALORIMETERS 


MONG THE MOST important measurements that 

must be made of the steam generated by a boiler 
is that of temperature. Principal temperature measure- 
ments to be made on the boiler are listed immediately 
below. 

First of all, the temperature of the feedwater en- 
tering the boiler should be known. This sometimes comes 
from the economizer and may be measured either with 
an industrial thermometer of the mercury type or with 
a recording thermometer. In some cases it is also de- 
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FIG. 1. DIAGRAM SHOWING LOCATION OF PRINCIPAL INSTRU- 
MENTS FOR MEASURING STEAM TEMPERATURES AND PRES- 
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sirable to have the record of feedwater into the econo- 
mizer and out of the economizer on the same chart, in 
which ease a recorder placing both on the same chart 
may be convenient. A recording pressure gage is a 
great convenience on the feedwater line from the 
economizer to the boiler. Temperature of steam to the 
superheater may be measured by an industrial ther- 
mometer or ‘by a recording thermometer. <A second 
arrangement that often proves convenient is to have a 


(a) 


Thermometer 
7 
ew 











recording pressure gage in this line together with en- 
graved thermometers and steel test wells. A recording 
thermometer is also convenient for installation in the 
boiler blowoff line. Temperature of steam leaving the 
superheater may be measured with an industrial ther- 
mometer or an indicating pyrometer. If records are 
desired, recording pyrometers or combined recording 
thermometer and pressure gage may be used. It is, of 
course, convenient and, in some cases, essential, to know 
the temperature of steam to and from the superheater. 
In plants which have instruments and record forms 
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for keeping a continual record of every factor of opera- 
tion, this is regarded more or less as a matter of course. 
In smaller plants such provision may often be made 
for testing purposes, but may not be used in all cases 
under normal operating conditions. Figure 1 shows in 
a general way the locations of the various pressure 
gages and thermometers to give complete records of 
steam from the boiler and superheater. 
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Steam temperatures that are to be measured in the 
operation of modern boilers seldom exceed 800 deg. F. 
In modern high pressure installations such as the Twin 
Branch, Columbia and Philo plants operating at 550 to 
600-lb. pressure, steam temperature averages about 750 
deg. F. There are, of course, two 1200-lb. plants in the 
United States at present in which the steam tempera- 
ture does not go very much above this. The maximum 
range for which steam measurements are used is usually 
not more than 1000 deg. F. 


TYPES OF INSTRUMENTS 


For measuring such temperatures, four general types 
of thermometers are used. These are the mercury ther- 
mometer, the gas-filled thermometer, or vapor tension 
thermometer, the thermocouple type of thermometer and 
the resistance type. The last three can all be equipped 
to give readings either by indicators or by recorders. 


Correction (K) (Deg. Fahr-.) 


Correction(K) (Deg, Fahr.) 


Observed Temperature Minus Emergent Stem Temperature (T,-T2)(Deg.Fahr.) 
FIG. 4. EXPOSURE CORRECTIONS FOR ENGRAVED STEM 
THERMOMETERS 


Mercury thermometers are placed in wells in the 
pipe carrying the steam whose temperature is to be 
measured, as is shown in Fig. 2. Where steam tempera- 
tures are to be determined with considerable accuracy, 
a good deal of care should be taken in using mercury 


thermometers for this purpose. They should be handled 
carefully, being kept at all times right side up and 
should be calibrated carefully so that the true readings 
ean be determined quickly. Calibration of glass ther- 
mometers of the mercury type can be made in several 
different ways. First, by comparison, in thermometer 
comparison baths in which the temperature can be con- 
trolled, with thermometers that have been calibrated by 
the United States Bureau of Standards. Second, by 
comparison with substances having known melting or 
boiling temperatures. Third, by checking the ice point 
and the boiling point of water readings and then check- 
ing the uniformity of bore and uniformity of the scale 
at other parts of the scale. Fourth, by comparison with 
steam of known temperature. For checking of standard - 
thermometers to see if their calibrations are shifting, 
the checking of the ice point and boiling point of water 
readings are recommended. 

Glass thermometers, as noted above, are ordinarily 
installed in wells in the pipe line where steam tempera- 
ture is to be measured. These wells may be filled with 
liquids, such as lubricating oil or cylinder oil or some- 
times packed with graphite. When the temperature is 
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low so that oil does not vaporize, and when the tempera- 
ture being measured is nearly constant so that the time 
lag resulting from the low thermal conductivity is not 
significant, oil may be used. Solid material should not 
be used if any liquid is available. The most satisfactory 
filling materials for use in iron wells are as follows: 
for temperatures to 500 deg. F., mercury; 500 to 1000, 
solder ; 1000 to 1800, tin. 

With thermocouples or other temperature measuring 
devices it is sometimes desirable to shield the element 
in the pipe to prevent radiation errors. This process 
should be studied very carefully, as the errors so intro- 
duced may be larger than the ones the process is in- 
tended to correct. It is only in special cases that this 
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mereury thread in deg. F. on the thermometer 
scale. 

T,— temperature indicated by the thermometer; in 
deg. F. 

T,— temperature indicated by an auxiliary ther- 
mometer having its bulb placed about 34 down 
the exposed mercury thread as shown. 

The emergent stem correction K is to be added al- 
gebraically to the indicated temperature of a mercury 
filled thermometer before it has been corrected for the 
errors found during calibration with proper emergence. 
When a partial immersion thermometer is used with an 
excessive immersion, see Fig. 3, it is assumed that a part 
of the mercury thread which was emergent during cali- 
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FIG. 5. 
MOMETERS. 


shielding needs to be done. Protecting tubes are usually 
supplied of the proper form with the various makes of 
thermocouples, radiation thermometer elements and gas- 
filled thermometer elements. 


CALIBRATION OF Mercury THERMOMETERS 


Mercury thermometers as installed in wells have a 
portion of the stem projecting from the well into the 
surrounding atmosphere. In calibrating the thermom- 
eter, therefore, it must be done in such a way as to 
take account of the emergent stem. If the thermometer 
has previously been calibrated as a full immersion ther- 
mometer, allowance must be made for its partial immer- 
sion and if it has been calibrated for only partial immer- 
sion, correction must be made if it is used for full 
immersion. For a mercury filled thermometer calibrated 
for full immersion and used for partial immersion as 
shown, the stem correction can be calculated from the 
following formula: 

K = 0.0008 D X (T, — T,) 

In this formula, 

K = correction in degrees F. 

D = emergent stem, which is the length of exposed 


G—RECORDING PYROMETER. 


B—INDUSTRIAL THERMOMETER, C—-ENGRAVED STEM THER- 
E—RECORDING THERMOMETER. F-—RESISTANCE BULB PER- 
H—DIAL TYPE INDICATING THERMOMETER 


bration but which is now submerged is at the same tem- 
perature as the bulb of the thermometer. The correc- 
tion is calculated from the same formula as before and 
should be subtracted if T, is greater than T, and should 
be added if T, is less than T,. For engraved stem ther- 
mometers, these exposure corrections are shown in the 
accompanying table, Fig. 4. 


OrHeR TYPES oF THERMOMETERS 


Mercury thermometers can be supplied for use on 
the superheated steam lines in a form shown in Fig. 5A. 
On this thermometer the left hand scale reads direct in 
degrees Fahrenheit. A stationary scale D gives the 
steam pressure in pounds per square inch. A sliding 
scale operated by a thumb screw is shown at A. When 
the zero of this scale is set on scale D at the pressure 
corresponding to that at which the scale D reads the 
temperature, the amount of superheat is shown on scale 
A directly opposite the mercury meniscus on D. Figure 
6 shows a typical resistance thermometer arrangement 
in which the temperature differences indicated by the 
resistance coil are measured with a wheatstone bridge. 
Vapor pressure thermometers ‘and gas-filled thermom- 
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eters are used to a great extent in power plant work. 
Construction of the vapor tension type of recording 
thermometer and the gas-filled type are well known to 
power plant engineers. The thermocouple type depends 
on the principle that when two wires of different metals 
are joined at both ends so as to form a complete 
metallic circuit, if the two junctions, the hot and cold, 
are at different temperatures, an electromotive force is 
generated. This electromotive force can be measured 
with a galvanometer or a commercial millivolt meter. 
If the cold junction is maintained at a constant tem- 
perature, the scale of the galvanometer can be graduated 
to read directly the temperature of the hot junction. 
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FIG. 6. WIRING DIAGRAM FOR RESISTANCE THERMOMETER 


Since this is difficult in practice, ordinarily a compen- 
sating device is arranged to eliminate the error. In all 
of these types of thermometers with the exception of 
the glass mercury filled thermometer, the thermometer 
element upon which the temperature acts directly is 
located directly in the pipe through which is flowing 
the fluid or gas whose temperature is to be measured. 
Suitable connections from this element are run to the 
recorder or indicator or both. In some cases it is pos- 
sible to have a temperature indicator right at the boiler 
or on the boiler control board while the element also 
operates one or more recorders located at a central 
point at some distance away. 

Many details in the construction and use of pyrom- 
eters are far beyond the scope of this article. These 
may be obtained from the manufacturers of the various 
makes of pyrometers and the A. S. M. E. Test Code on 
Temperature Measuring Instruments and Apparatus 
gives data regarding their use. One of the principal 
sources of error in temperature measurement is the 
natural tendency towards equalization of temperatures. 
This causes the flow of heat from regions of higher to 
regions of lower temperature, and must always be kept 
in mind. The effect of any possible heat flow of this 
kind on the reading of a temperature instrument must 
be determined in some way before any assurance can be 
had of its accuracy. 

When steam leaving a boiler is superheated there is, 

-of course, no necessity for attempting any moisture de- 
terminations in the steam. Where superheaters are not 
used, however, it is sometimes necessary to do this, and 
it is always necessary in obtaining data for a boiler test. 


January 1, 1928 


When superheaters are used it is many times of value 
to determine the quality of steam leaving the steam 
drum of the boiler and going to the superheater. As a 
matter of fact, it has been stated that no reliable de- 
termination of efficiency can be made without measure- 
ment of water contained in the steam. Inasmuch as it 
is possible in some eases for steam to carry 40 to 50 per 
cent of its own weight in extreme cases and at such 
times the total temperature would be the same as that 
of dry steam, the amount of heat in a pound of steam 
and, consequently, its ability to do work, would be 
much less. To make such determinations of moisture in 
steam, three general types of steam calorimeters are 
used: 1, throttling or superheating calorimeters; 2, sep- 
arating calorimeters; 3, condensing calorimeters. 

The throttling or superheating calorimeter is the 
type most often used in engineering practice. This 
operates by passing a sample of the steam whose mois- 
ture is to be measured through a small orifice in which 
it is superheated by throttling. Several commercial 
types of these calorimeters are on the market of the 
general types illustrated in Fig. 7. It is most important 
that all parts of calorimeters of this type, as well as the 
connections leading to the main steam type, should be 
thoroughly lagged by a covering of good insulating 
material. This should be at least 2 in. thick. 

It is obvious that if the entering steam contains too 
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FIG. 7. A—SIMPLE THROTTLING CALORIMETER. B—AN- 
OTHER TYPE OF THROTTLING CALORIMETER 


much moisture the drying action due to the throttling 
in the orifice may not be sufficient to superheat. It 
may be stated in general that unless there is about 5 
to 10 deg. F. of superheat in the calorimeter or, in 
other words, unless the temperature on the low pressure 
side of the orifice is at least 5 to 10 deg. F. higher than 
that corresponding to the pressure in the calorimeter, 
there may be some doubt as to the accuracy of the 
result. The working limits of throttling calorimeters 
vary with the initial pressure of the steam, It is recom- 
mended that the calorimeter be connected with a short 
intermediate piping if possible with a so-called calorim- 
eter sampling nozzle. The latter is made of 14-in. pipe 
long enough to extend into the steam pipe nearly across 
to the opposite wall. The end of this nozzle is to be 
closed so that the steam must enter through not less 
than twenty 1-in. holes. If it is necessary to attach 
the sampling nozzle at a point near the end of the long 
horizontal run, a drip pipe should be provided just 
ahead of the nozzle, preferably at a pocket formed by a 
fitting, and the water running along the bottom of the 
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main drawn off, weighed, and added to the moisture 
shown by the calorimeter. Better still, a steam sepa- 
rator of some type can be installed just ahead of the 
calorimeter. 


Location oF Sampuina Nozz_e 


In general the sampling nozzle should be located as 
near as possible to the boiler, the same being true as 
regards the thermometer well when the steam is super- 
heated. The sample of steam should always be taken 
from a vertical pipe as near as possible to the engine, 
turbine or boiler being corrected. Some boiler testing 
experts recommend the use of a straight open-end nipple 
without perforations instead of the sampling pipe pro- 
vided with holes. This is to be installed near the center 
of the vertical portion of the steam pipe as near the 
boiler as possible. It is to be provided with a long 


thread on one end, to be screwed into the steam pipe far — 


enough to bring the open end at or near the center of 
current of steam coming from the boiler. 


CALCULATING MOISTURE WITH THE THROTTLING 
CALORIMETER 


From the reading taken by the throttling calorimeter 
the quality or relative dryness of the steam is calculated 
by the following formula: 

X = [H — h — 0.47 X (T, — T,) +L] X 100 

In this formula, 

H = total heat of 1 lb. of steam at boiler pressure. 

L = latent heat of steam at boiler pressure. 

h = total heat of steam at pressure in calorimeter. 

T, = temperature of saturated steam at calorimeter 
pressure. 

T, = thermometer readings. 

X = quality in per cent. 

Values of H, h, L and T, may be found in the steam 
tables. 

Another important type of throttling calorimeter, 
which involves some variation in the original type, has 
been widely used. In this apparatus, shown in Fig. 7B, 
the temperature of the steam admitted to the calorimeter 
is observed instead of the pressure and a free exhaust 
is provided so that the pressure in the calorimeter is 
atmospheric. This arrangement simplifies the observa- 
tion, as the quality of the steam can be calculated by the 
foregoing equation by observing only the two tempera- 
tures, T, and T,, taken respectively on high and low 
pressure sides of the orifice in the calorimeter. 


Tue SEPARATING CALORIMETER 


For percentages of moisture higher than 5, separat- 
ing calorimeters are generally used. In these instru- 
ments the water is removed from the sample of steam by 
mechanical separation, just as in the ordinary steam sep- 
arator. Some device must be provided for determining 
the. amount of moisture collected and this is done in 
most cases by means of a calibrated gage glass. Figure 
8 shows a commonly used type of separating calorimeter. 
This is surrounded by a steam jacket to eliminate radia- 
tion losses. The pressure in the outer chamber and also 
the flow of steam in a given time is shown by suitably 
engraved scales on the attached gage. The orifice, 8, 
is of known area, and by application of Napier’s law, 
the gage can be graduated not only to read the pounds 
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pressure in the outer chamber, but also the amount of 
steam flow. 

For absolute accuracy, of course, certain slight cor- 
rections might be necessary due to change in barometer 
readings, but these are so small that in practice they 
make no sensible error in the result. The graduations 
on the water columns show the amount of water sepa- 
rated while the gage shows the amount of steam flowing. 
From these figures by application of the following for- 
mula, the quality of the steam or percentage of moisture 
contained can be determined. This formula is: 

X = (W, + W, + W) X 100 

In this formula, _ 

W, = weight of water in pounds separated from the 
steam. 
W = weight of dry steam. 

For steam pressures lower than 25 Ib. gage, the calo- 
rimeters already described are seldom used. For lower 
pressures, combined separating and throttling calorim- 
eters are used. Such a calorimeter is shown in Fig. 8B. 
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FIG. 8. A—SEPARATING CALORIMETER. B—COMBINED 
SEPARATING AND THROTTLING CALORIMETER 


For use with very wet steam, electrical calorimeters 
have been designed. By measuring with a thermometer 
the amount of superheat added to the steam in this 
calorimeter to evaporate its moisture and by measuring 
the amount of electric power necessary to do this, taking 
into account suitable constants, the heat required to dry 
a pound of the given steam is obtained and from this the 
quality of the original steam can be determined. 

Classified under the heading of condensing calorim- 
eters is the barrel type. In this type a tank fitted with 
paddles is arranged so that it can be filled with water 
from a barrel. A measured amount of water is let into 
the tank followed by a certain amount of steam. The 
various weights and temperatures of water originally in 
the tank and of steam added are taken and from these, 
by suitable equations involving the temperatures and 
weights, the amount of moisture in the original steam 
can be determined. 
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Measuring and Recording the Flow of Steam 


Fiow Meters Consist or A Primary ELEMENT ACTED ON BY THE FLUID 
AND A SECONDARY ELEMENT TRANSFORMING THE ACTION OF THE PRI- 
MARY ELEMENT INTO AN INDICATION OR RECORD oF AMOUNT OF FLOW 


OST FLUID METERS consist of two distinct 
parts, each of which bas a different function to 
perform. The first of these parts is the primary ele- 
ment which is in direct contact with the fluid and is 
acted on directly by it. The second is the element 
which translates the action of the fluid on the primary 
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FIG. 1. TYPES OF PRIMARY ELEMENTS OF FLOW METERS 

BASED ON DIFFERENTIAL HEAD. A—VENTURI TUBE. B.— 

PITOT TUBE. C—SPUN FLOW NOZZLE. D—THICK PLATE 
FLOW NOZZLE. E—THIN PLATE ORIFICE 


element into volumes, weight or rate of flow and indi- 
eates or records the result. In an orifice meter, for 
example, the orifice itself with the adjacent parts of the 
pipe and the pressure connections constitute the primary 
element, while the secondary element consists of a differ- 
ential pressure gage together with some sort of mech- 
anism for translating the pressure difference into rate 
of flow and indicating the result or recording it graphi- 
cally, sometimes, in addition, integrating it with respect 
to the time. The secondary devices may, obviously, be 
varied almost indefinitely, but the primary elements 
depend for their operation on a few simple physical 
principles. For this reason the fluid meters may best 
be classified with regard solely to the nature of the 
primary element or to the principle involved in it. 

Of most common use for measuring steam flow in 
the modern power plant are the types of meters in- 
volving measurement of differential head. These types 


include those using the Venturi tube, the flow nozzle 
the thin plate orifice and the Pitot tube. Certain others 
based on geometrical area measurements are the gage 
type, orifice and plug, cone and disc, cylinder and 
plunger types. : 
PRINCIPLES OF OPERATION 

Fundamentally the principle of operation is the 
same for the Venturi tube, the flow nozzle and the flat 
plate orifice. This principle depends on the pressure 
drop which accompanies an increase of velocity at con- 


~ stant flow. This increase of velocity is produced by a 


gradual reduction of the area through which flow takes 
place and the increase of velocity occurs at the expense 
of pressure. Figure 1 shows the three types of equipment 
referred to. A manometer connected as shown indicates 
this pressure difference. Dué to the action of the jet 
it continues to contract for some time after passing the 
orifice in the case of an orifice meter or a flow nozzle. 
The section of smallest area is called the vena contracta. 
As this represents the highest velocity or lowest pres- 
sure, a2 manometer connected across this and the up- 
stream side of the orifice or flow nozzles shows the 
greatest pressure deflection for a given flow. A pres- 
sure connection is sometimes provided at the downstream 
flange for the purpose of determining the overall loss 
of head caused by the resistance of the Venturi as a 
whole. Venturi tubes, especially in large sizes, are 
usually set horizontally or nearly so, although this 
position is not essential to the operation of the meter. 
If reliable measurements are required, however, the Ven- 
turi should not follow immediately after a valve, elbow 
or other irregularity which would tend to cause tur- 
bulence in the flow of fluid. The Venturi should be 
preceded by a certain length of straight pipe at which 
the flow may steady down after any such cause of dis- 
turbance. A length of 5 pipe diameters for this is 
often recommended. 


Fiow Nozz.Es 

Two forms of the flow nozzle are indicated in Figs. 
1C and 1D. The upstream side connection is made to 
a side hole drilled through the wall of the pipe from 
one to two diameters ahead of the entrance plane of 
the nozzle so that it gives the pressure in the straight 
stream before the flow has begun to curve sharply in- 
ward. The downstream or low side connection is de- 
signed to give the static pressure in the jet as it issues 
from the orifice. 

THIN PLATE ORIFICE 


The thin plate or sharp edge orifice has been com- 
monly employed for many years to measure rates of 
discharge. In its simplest and most familiar form, the 
orifice is merely a round hole in a flat diaphragm 
clamped between flanges at a joint in the pipe line with 
the hole concentric with the pipe. A thicker plate is 
sometimes used and the plate is then chamfered around 
the hole on the downstream side to leave only a thin 
edge. while the upstream face remains flat with a sharp 
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90-deg. corner at the edge of the hole. Pressure con- 
nections are provided at side holes in the pipe wall on 
both sides of the diaphragm, so that a differential gage 
or manometer may be attached, to observe the fall of 
pressure through the orifice as with the flow nozzle or 
Venturi tube. This difference of pressure or differen- 
tial head is utilized as a measure of the rate of flow. 
On the high pressure side or upstream side, the side 
hole should not be too close to the diaphragm and one 
pipe diameter upstream may be regarded as the stand- 

















FIG. 2. FLOW METER WITH MERCURY SEALED BELL, ACTU- 
ATED BY DIFFERENTIAL PRESSURE 


ard location. The location of the downstream pressure . 


connection is more important. This will vary according 
to the ratio between the diameter of the orifice and the 
diameter of the pipe and, for a given make of meter 
using an orifice, the manufacturer supplies proper and 
accurate information for locating this side hole connec- 
tion. 


FUNDAMENTAL EQUATION OF FLOW 


The fundamental equation for amount of steam flow 
through Venturi, flow nozzle or orifice is as follows: 
W = 288 xX CxXMxXdvVh 
in which 
W = flow in thousand pounds per hour. 
C = discharge coefficient. 
M = meter constant. 
d = density in pounds per cubic foot. 
h = differential head in feet of fluid being measured. 
A fourth type of primary element of indicating flow 
consists of two members; the first is for indicating the 
kinetic head, acting on a body of fluid in motion by 
registering the intensity of impact due to intercepting 
a small portion of flow, plus the pressure on the fluid 
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at the point under consideration; the other is for indi- 
cating this latter pressure. This device is known as the 
Pitot tube. The first member is generally known as thie 
impact tube and the second as the static tube. ‘The 
differential pressure at these two points is led to a re- 
corder or indicating device as in the other cases. Con- 
sideration of the design and theory of the Pitot tube 
is somewhat beyond the scope of this article, but as in 
the preceding pages complete information regarding it 
is supplied by the various manufacturers who use it in 
their flow meters. 

Calibration curves for the Venturi tube, the flow 
nozzles and the flat plate orifice are furnished by each 
manufacturer for the type of equipment supplied with 
his meter. These are determined by careful factory 
and laboratory tests and for all ordinary power plant 
work the power plant engineer can place full dependence 
on them. Owing to the care with which these calibra- 
tions must be made and the equipment necessary, it is 
seldom convenient or possible to check these in the plant, 




















FIG. 3. RISE OF MERCURY CUTS OUT RESISTANCE IN CIR- 
CUIT, ELECTRICAL INSTRUMENTS MEASURING THE RISE IN 
TERMS OF STEAM FLOW 


although the recording and indicating devices them- 
selves, which are actuated by the manometers, can be 
checked as will be explained later. 

Steam flow meters must be installed with reservoirs 
and valves. In these meters pressure is transmitted 
through water, the reservoir serving as a condenser and 
as insurance against unequal water legs when change 
of flow takes place. When installed on vertical lines, 
the reservoirs must be in the same vertical plane. ‘I'he 
drop leg to the lowest pressure cap should be well 
drained back to the steam line. The manometer con- 
nections thus taken off are then led to the various types 
of indicating, recording and integrating devices, the 
principal types of which are shown herewith. 

In the instrument shown in Fig. 2 the differential 
pressure actuates a mercury sealed bell, the movement 
of which is connected by suitable linkage with the 
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pointer of the indicator or with the recording pen arm 
of the recorder. 

In another form of flow meter, Fig. 3, the difference 
in pressure causes a rise or fall of a body of mercury in 
the body of the meter proportional to the amount of 
flow. This meter body is in the form of a modified 
mercury U-tube in one leg of which is a series of a large 
number of contact rods connected to resistances as 
shown. As the mercury rises in the contact rod chamber 
due to a greater flow of steam, it comes in contact with 
the rods, one after another, and cuts out a definite 
amount of resistance in direct proportion to the flow. 
The amount of resistance cut out is measured accurately 
by the electrical instruments. 

In the type of meter shown in Fig. 4, the differential 
pressure acting on mercury in a modified U-tube ar- 
rangement in the body of the meter raises and lowers a 
float by an amount directly proportional to the flow. 
This float carries a non-magnetic rod to the upper end 
of which is attached a magnetic armature which moves 
freely within a strong non-magnetic tube which confines 























FLOW METER BASED ON THE INDUCTANCE BRIDGE . 
PRINCIPLE 


Fig. 4. 


RESERVUIK FOR LOW 
PRESSURE SIDE OF ORIFICE. 


FIG. 5. IN THIS METER A BALANCED MERCURY U-TUBE IS 
ROTATED BY A MANOMETER, THE ARC BEING PROPORTIONAL 
TO THE FLOW 


the pressure. A divided inductance coil is slipped over 
the outside of this tube and when connected with a 
source of alternating current the ratio between the 
voltages across the two parts of the coil is governed by 
the position of the armature within the tube. Counter- 
balanced armatures suspended inside the divided coils 
of the connected instruments are controlled by the elec- 
trical forces acting upon them. These forces become 
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balanced only when they have drawn the armatures 
into the relative position similar to the position of the 
manometer armature within the divided coil. As the 
manometer armature is held in position by the float upon 
the mercury, the other armatures are drawn to the same 
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relative position such that the ratios of voltage across 
the two sections of the three divided coils are equal. 
When the correct position is reached the currents in 
both parts of the coil are equal and the armature is held 
strongly in that position. The above operation is based 
on the principle of the self-balancing inductance bridge. 

Still another type of meter instrument employs a 
U-tube, the two legs of which are filled with mercury to 
about the middle of their height. When flow is estab- 
lished the mereury assumes different levels owing to 
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the difference between the pressures on the two sides of 
the orifice. This U-tube is mounted on a pivoted frame 
or balance beam and permitted to rotate freely, Fig. 5. 
Thus it will take a position so the center of gravity of 
the whole supported structure is vertically beneath the 
point of support. The angle to which the U-tube bal- 
ance rotates can then be used as a measure of the pres- 
sure difference and therefore as a measure of the flow. 
Suitable mechanical or electrical mechanism is provided 
for indicating and recording the movement of this 
U-tube, and integrating the results. 

In the meter shown in Fig. 6, the differential pres- 
sure acts on mercury in a U-tube, raising and lowering 
a float in one leg of the U-tube. This vertical motion 
of the float is transmitted by suitable mechanism directly 
to the indicator or pen arm. 

Another electrically operated flow meter is shown in 
Fig. 7. Here also the indicating and recording device 
is essentially a mereury manometer, actuated by the 
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BALANCED MERCURY U-TUBE TYPE OF METER FOR 
ELECTRICAL MEASUREMENT OF FLOW 
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differential head from the orifice, flow nozzle, Venturi 
or Pitot tube device that may be used. In this manom- 
eter the base or mercury well forms one leg and a small 
chamber in which a transformer is inserted forms the 
other leg. The base or large leg of the U-tube is con- 
nected to the upstream side of the primary element, 
and the small or transformer leg to the downstream 
side. On the outside of the meter body is mounted a 
small transformer whose function is to reduce the: volt- 
age applied to the transformer on the inside. When 
steam flows through the pipe, causing a differential 
pressure in the manometer, the mercury in the meter 
body rises in the transformer leg and falls in the base 
until the unbalanced column balances the differential 
pressure. As this mercury level rises around the pri- 
mary coil of the inner transformer more and more cur- 
rent is induced in it. The electrical instruments aceu- 
rately measure the height of mercury in the small leg 
of the U-tube containing the internal transformer, since 
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this height is proportional to the flow of steam in the 
pipe. 

The meter shown in Fig. 8 is typical of the geometri- 
cal type measuring steam flow directly. It is installed 
directly in the pipe line to be measured and is used 
ordinarily for recording flow of saturated steam from 
10 lb. to 250 lb. gage pressure. Steam enters the meter 
through the inlet side, raising the valve and flowing 
through the orifice between this valve and the valve 
seat and then out of the meter. As the valve rises 
to let the steam pass, the action is transmitted by direct 
lever connections to the counter mechanism and re- 
corded. The valve is so tapered that it rises in direct 
proportion to the flow of steam so that the greater the 
steam demand the higher the valve floats. 

The various types of meters employing differential 
head principle can be calibrated and should be checked 
frequently while in use. This is done by the use of a 
water manometer and in every case instruction books 
give the calibration in inches of water. The water 
is poured into the manometer on the high pressure side 
of the meter until the recording pen reads exactly at 10, 
40 or 70 per cent of the maximum chart reading. The 
difference in height between the two water columns for 
different percentages of chart readings are shown in 
a table. Two sets of calibration figures are usually 
given, one for use with steam and water and one for 
use with air. Values differ in the two cases and care 
must be exercised in their use. 


Rate of Evaporation of Boiler 


ActuaL EVAPORATION GIVES A CONVENIENT CHECK 
ON OPERATION, WHILE EQUIVALENT EVAPORATION 
REDUCES THE ACTUAL TO STANDARD CONDITIONS 


T IS FREQUENTLY desirable to determine the rate 

of evaporation of the boiler during normal opera- 
tion. The rate of evaporation is, of course, one of the 
principal factors to be determined during a boiler test, 
but the plant records should be so arranged that it will 
be possible to determine this value at least every 24 hr. 
and sometimes on each shift. This can be done if some 
sort of record is kept of the amount of fuel burned dur- 
ing a given period and the amount of water fed to the 
boilers or of steam flowing from the boilers during the 
same period. Then, if the average boiler pressures and 
average steam temperatures are known, we can deter- 
mine also the equivalent evaporation. 

Equivalent evaporation is of importance as it is the 
standard to which actual evaporation may be referred 
for comparison with other boilers operating under dif- 
ferent conditions or of the same boiler operating under 
different conditions. 

Actual evaporation may be obtained by dividing the 
actual amount of water fed to the boiler per hour by 
the amount of coal burned per hour. If the totals are 
obtained for longer periods, they may be used as totals 
to get the evaporation or divided by the number of hours 
to determine the average per hour. If steam flow meters 
are installed, their readings show the amount of steam 
actually made in a given time, if an integrator is used. 
This figure should check closely with the amount of 
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water fed. While measurements of steam and water 
may not be accurate when compared to the absolute 
scale, because of possible sources of error, the compara- 
tive or relative readings taken over a period of days will 
be accurate enough for most purposes. : 

Evaporation per pound of fuel as fired or dry fuel 
ean be easily determined, once the fuel weights are ob- 
tained and the water and steam measurements taken 
as noted previously. Evaporation in pounds per square 
foot of heating surface of the boiler are often of value 
for comparison and also for checking the steaming rate 
of the boiler. Evaporation per square foot of grate 
surface is often used as a means of comparison. 

CALCULATING EQUIVALENT EVAPORATION 

To reduce the actual evaporation to standard condi- 
tions, it is considered that the water actually evaporated 
can be expressed in terms of the amount of water that 
would be evaporated if the pressure were 14.7 lb. per 
sq. in. absolute and the feedwater temperature 212 deg. 
F., by using a quantity of heat equal to that used under 
the actual conditions of pressure and temperature. 

Factor of evaporation is the factor by which the 
actual evaporation is multiplied to obtain the equivalent 
evaporation. It represents the number of pounds of 
water that would have been evaporated from feedwater 
at 212 to steam at 212 by the same amount of heat as 
was used under actual conditions. It is represented by 
the following equations: 

XL + h—h, 





Wet steam: F = 
971.1 
H + C, (ts a” ty) i hy 





Superheated steam: F = 
971.7 
H—h, 
Dry saturated steam: F — ————— 
971.7 
in which 
F = factor of evaporation. 
L = latent heat of steam at absolute boiler pressure. 
X = quality of the steam (a decimal such as 0.98). 
H = total heat per pound dry steam at absolute boiler 
pressure. 
heat of liquid corresponding to absolute boiler 
pressure.’ 
heat of liquid corresponding to feedwater tem- 
perature (t — 32 can be used for h, without 
serious error, in most cases). 
C, = specific heat of steam at constant pressure. 
t, = temperature of saturated steam at absolute boiler 
pressure in degrees Fahrenheit. 
t, = temperature of superheated steam at absolute boiler 
pressure in degrees Fahrenheit. 
971.7 = latent heat in B.t.u. corresponding to a tem- 
perature of 212 deg. (970.4 is given by Marks & 
Davis steam tables; 971.7 by Goodenough). 
These values are obtained from the steam tables. 
Both equations 1 and 2 reduce to the form of equation 
3, which is the usable form. Total.heat of steam, either 
dry or superheated can be found from the steam table. 
When wet steam is involved, equation 1 is used since not 
all of the water has been evaporated to steam. Amount 
of moisture can be determined by calorimeter tests as 
explained above. 
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Having determined the factor of evaporation F, if 
we now have the actual evaporation W in pounds of 
water per hour per pound of fuel, we may find the 
equivalent evaporation, W., by multiplying or 

W.=W-XF 


Control of the Boiler as a Unit 


Various Types OF AUTOMATIC DEVICES FOR CoN- 
TROLLING THE OPERATION OF BoILER, COMBUSTION 
EQUIPMENT AND THE LIKE TO OPERATE AS A UNIT 


N MOST OF THE foregoing discussion, it has been 
necessary for convenience to consider various phases 

of boiler performance separately. In actual practices, 
however, we operate a boiler as a unit, not as a furnace, 
a boiler, some coal feeding mechanism and so on. By the 
use of the instruments we have discussed, the boiler 


Boiley Boiler Meter 
Individual make” 
0 for. 
Beiter Pane! a é 
Board Individval Boiler 
Orem Switch 


Contre! Drive Handwheels 
for Fuel and Air 


To Other Boilers 
Fig. 1 


THIS CONTROL SYSTEM CONTROLS FUEL AND AIR BY 
STEAM DEMAND 


FIG, 1. 


operator is guided in adjusting furnace and draft con- 


- ditions, fuel and air supply and feedwater supply to 


produce steam at the required pressure and temperature 
and in the required amount. 

As an aid to the boiler operator, various automatic 
devices called boiler control systems have been devel- 
oped. These are not intended to replace the operator but 
to aid him, as has been repeatedly pointed out. They 
are capable of making adjustments much more accu- 
rately than the human hand can make them and of 
responding to changes in conditions as soon as these 
changes occur. Several types of this boiler control equip- 
ment are described and illustrated here. 

Figure 1 shows a type of boiler control actuated by 
the varying demand for steam from the boiler. As this 
demand changes, variation in steam pressure at a suit- 
able .point in the main header operates a master control 
which varies the supply of fuel and air to each of the 
boilers so that each takes its share of the load and main- 
tains substantially equal rating with all the others. Re- 
lationship between the fuel and air supply for each 
boiler is modified continuously and automatically to 
maintain best combustion efficiency. The various rela- 
tions of steam flow, air flow, steam pressure or tempera- 
ture, flue gas temperature or other factors are recorded 
by the chart on the boiler meter and serve to show the 
operator how their relations are varying from time to 
time. 
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Fig. 2. AN ELECTRICAL CONTROL SYSTEM 

In Figure 2 is a type of control that measures the 
amount of steam flow, boiler pressure, air flow, fuel feed 
and combustion chamber pressure in each furnace of a 
battery of boilers or in an entire boiler plant. Then, 
in addition to making these measurements, it automati- 
eally adjusts fuel and draft to maintain constant steam 
pressure, to divide the load among the boilers and to 
give the best combustion conditions. 

The master controller of the system shown in Fig. 3 
is actuated by changes in steam pressure in the header 
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FIG. 4. OVERFIRE-UNDERGRATE SYSTEM OF BOILER CONTROL 
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FIG. 5. COMPENSATED DRAFT IS PRODUCED BY THIS CONTROL 
SYSTEM 
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corresponding to steam flow variations. This master 
then changes the fan and stoker speeds and actuates the 
dampers. The resulting change in over-fire draft op- 
erates furnace draft regulators, which maintain a pre- 
determined furnace draft. 

By using a master controller based on the mercury 
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U-tube principle, the system shown in Fig. 4 is actuated 
by steam pressure variation to control dampers and fue! 
feed, while a furnace pressure regulator varies fan 
speed or air supply to maintain proper combustion. 
Suitable indicators show the boiler operator exactly wha‘ 
the conditions are at any given time. 


Tn the system shown in Fig. 5 coal feed, stack dam- 
pers, fan speed, ete., are adjusted by the master regu- 
lator, which is actuated by the variation in pressure 
drop in the main header. This control is supplemente:| 
by a combustion controller responding to furnace pres- 
sure changes so as to compensate the blast under the 
fire (in the case of a stoker) for the changing conditions 
in the fuel bed. 

The master control of the system shown in Fig. 6 
employs a regulator in which steam or header pressure 
is balanced by a loading produced by the device that 
is to be controlled. Variations in the header pressure 
with change in steam flow also vary this loading. The 
change in loading causes a change in the individual ma- 
chine regulators to adjust coal feed, air supply, dam- 
pers and any other factors desired. , 


In the balanced draft. system, Fig. 7, steam header 
pressure and furnace pressure act together to adiust 
combustion conditions. The various regulators can be 
mechanically or electrically actuated. 


Measurements on Steam Engines and Turbines 


DETERMINATION OF Pounps oF STEAM PER KrowatTt-Hour, PER INDICATED HoRSEPOWER- 
Hour, Use or InpicatTor, Tests By WEIGHING CONDENSED STEAM, Use or DyNAMOMETERS 


HEN STEAM ENGINES or steam turbines are 

in normal operation driving electric generators, 
the principal information the operator desires about 
them is their water rate in pounds of steam per kilowatt- 
hour. If they are driving other equipment, such as 
pumps, air compressors or fans, he may wish to know 
their water rate in pounds per 1000 cu. ft., gallons per 
million B.t.u., as in the case of pumping engines, or 
other terms. : 

In the case of steam engines, pressure and tempera- 
ture just ahead of the throttle are measured by pres- 
sure gages and thermometers of either the indicating 
or recording types. Provision can also be made, as close 
to the throttle as convenient, for determination of mois- 
ture by some form of calorimeter, observing the same 
precautions regarding condensation in the pipe as pre- 
viously noted for moisture determination at the boiler. 
Since the steam flow to an engine is of pulsating charac- 
ter and since most of the commercial types of steam flow 
meters now available are not designed for pulsating 
flow, special precautions must be taken if it is desired 
to measure steam flow with a meter. By placing an- 
other orifice ahead of the meter orifice, flow nozzle or 
Venturi tube and carefully calibrating the meter in 
place, satisfactory results may be secured. The addi- 
tional pressure drop introduced into the steam line may 
be counterbalanced by a slight superheating effect from 
the orifices which may be of benefit in the engine. 

Dividing the steam consumption for a given period 
as shown on the flow meter by the kilowatt-hours for 
the same period will give the water rate in pounds per 
kilowatt-hour. 


SEA 


Wann 


FIG. 1. PRINCIPAL PARTS OF A STEAM ENGINE INDICATOR 

For determining the indicated horsepower of the en- 
gine, indicator cards must be taken and from these 
computations can be made of the steam consumption 
in pounds per ihp. By attaching some form of brake 
or dynamometer to the engine, the brake horsepower 
can be obtained, or if the mechanical efficiency of the 
engine is known, or can be assumed, the brake horse- 
power can be calculated from the indicated horsepower. 
Finally, the most accurate way to determine steam con- 
sumption is by a complete test involving weighing of 
condensate from the engine condenser. 
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FIG. 2. LEFT—INCORRECT METHOD OF CONNECTING RE- 
DUCING MOTION TO CROSSHEAD. RIGHT—CORRECT METHOD 
OF CONNECTING REDUCING MOTION 


In routine engine operation the steam engine indi- 
eator is commonly used to determine the indicated horse- 
power and to give information about the setting of the 
valves. It is simply an instrument that shows the cyl- 
inder pressure at each point in the stroke, while the 
engine is operating. Essentially, as shown in Fig. 1, it 
consists of a small piston working up and down in a 
cylinder, the motion of which actuates a pencil arm bear- 
ing against a drum which is rotated in an are directly 
proportional to the horizontal movement of the engine 
piston. ; 

The engine cylinder is fitted with pipe connectiuns 
leading into the clearance space at each end. These 
connections are brought to a three-way cock on which the 
indicator is mounted. By means of some sort of re- 
ducing motion, such as a pantograph, pendulum or a 
combination of pulleys, the motion of the cross-head 
rotates the indicator card held on the drum and if the 
indicator piston is opened to the cylinder pressure, an 
indicator diagram is obtained. At the same time the 
speed of the engine is accurately measured with a 
tachometer. Special types of indicators have been de- 
veloped for taking indicator diagrams continuously. For 
taking them from high speed engines over 400 r.p.m., 
such as automobile engines, optical indicators are used. 
These show the diagram on a ground glass, or trace it 
as a polar diagram or make a photographic record of it. 

From an indicated diagram as shown in Fig. 3 we 
ean find the indicated horsepower of the engine if we 
first determine the mean effective pressure of the dia- 
gram. This can be done by measuring the pressure 
ordinates and determining the average, but in practice it 
is most convenient to use a planimeter. With an ordi- 
nary polar planimeter, the area of the diagram is found 
in square inches; this area divided by the length, which 
has been carefully measured with a scale, gives the 
mean height in inches. Other types of planimeters are 
made to give the m.e.p. direct. Multiplying this height 
by the scale of the spring gives the mean effective 
pressure. 

A diagram for each end of the cylinder is taken, 
and the indicated horsepower can be computed for each 
end and added to give the total for the engine. The 
ihp. is found by the formula: 

PLAN 
Indicated horsepower = 
33,000 
in which 
P = mean effective pressure in lb. per sq. in. 
L = length of stroke in feet. 
A = area of piston (for the crank end the area of the 
rod is deducted) in square inches 
= number of working strokes per minute. 

For each end of the cylinder, N equals r.p.m. since 

there are two piston strokes per revolution of the engine. 
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For convenience in computing indicated horsepower 
LA 
from a number of cards, the part of the formula 
33,000 
a constant for each end of the engine, can be computed 
separately. 

From the diagram can be computed the theoretical 
amount of steam used. Another method of esitmating 
the weight of steam used by an engine, from the indi- 
eator diagram, is known as Clayton’s analysis. Here 
the diagram is transferred to logarithmic cross-section 
paper. 

Under operating conditions, the indicator diagram 
gives valuable information as to the setting of the valves 
of an engine. On a slide valve engine, the valve may 
be adjusted by moving it on its stem or by adjusting 
the eccentric or both, until the events as shown by the 
diagram are as nearly correct as possible. For Corliss 
engines, the steam and exhaust valves are adjusted sep- 
arately by the eccentrics and rods. Valve setting is 








FIG. 3. POLAR PLANIMETER FOR MEASURING AREA OF 
INDICATOR DIAGRAM 


often expedited by referring the process to valve dia- 
grams, such as the Zeuner or Bilgram diagrams. 


BRAKE HORSEPOWER 


Brake horsepower of an engine is measured by some 
form of dynamometer and the mechanical efficiency of 
the engine equals the brake horsepower divided by the 
indicated horsepower. 

Dynamometers are of two types: (a) those absorb- 
ing the power by friction and dissipating it as heat; (b) 
those transmitting the power they measure, thus wasting 
only a small part in friction. One of the most common 
types is the Prony brake, shown in Fig. 4. The strap 
is held in place around the engine pulley or shaft and 
when the brake is balanced the work done in a given 
time in producing friction (power absorbed) is meas- 
ured by the weight moved multiplied by the distance it 
would pass through if free. This weight is measured on 
the scale and the brake horsepower is 

2x 3.14146XrxXnuXw 





Brake horsepower = 
33,000 
in which 
r = length of brake arm in feet. 
n = revolutions per minute. 
= weight on brake arm in pounds. 

Figure 5 shows commercial types of absorption dyna- 
mometers. 

For a complete and accurate engine test, according 
to the A. S. M. E. code, it is necessary to weigh the 
condensate from the engine condenser, or, if it is non- 
condensing, to have the boiler or boilers serve steam 
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FIG. 4. PRONY BRAKE APPLIED TO STEAM ENGINE 


only to the engine and to measure the feedwater used. 
Tanks and platform scales are used for weighing water, 
or water meters calibrated in place. Graduated scales 
are attached to boiler water glasses if feedwater is 
measured. Pressure gages and thermometers measure 
steam pressures and temperatures, while on the low 
pressure or condenser side vacuum gages or mercury col- 
umns are used for measuring the pressures below at- 
mosphere. Moisture is measured with steam calorim- 
eters. A barometer must be used for pressure correc- 
tions. Indicator eards are taken from the engine and a 
planimeter is needed to measure them. Speeds are meas- 
ured with tachometers or other speed-measuring appa- 
ratus. Brake horsepower can be measured with a dyna- 
mometer and appropriate electrical instruments measure 
the output if the engine is connected to a generator. 

Complete detailed instructions for running engine 
tests have been formulated by the A. S. M. E. 


MEASUREMENTS ON STEAM TURBINES 


For determining the power and water rate of steam 
turbines, ordinary operation usually requires measure- 
ment of steam to the turbine by flow meter and of output 
in kilowatt-hours, gallons and so on, depending on the 


unit driven by the turbine. For a more accurate test 
of the turbine the following principal observations are 
to be made: 

1. Pressure and temperature of steam supplied, by 
suitable instruments. 

2. Speed by tachometers or other devices. 

3. Measurements of power with dynamometer or 
with electrical instruments. 

4. Weight or measurement by volume of condensed 
steam. 

Instruments used must be carefully calibrated. Load 
on the turbine is measured either by a dynamometer or 
by kilowatts delivered if it is driving a generator. If 
indicating instruments are used for this, they must be 
observed every 5 min. with great accuracy. Total steam 
used ean be measured by weighing the condensate, in the 
ease of a condensing turbine. For a turbine exhausting 
to atmosphere or to a jet condenser, the water weight 
is found by weighing the water fed to boiler whose only 
open outlet is a pipe leading to the turbine or by re- 
moving and measuring flow through the first stage 
nozzle block. The condenser must be tested for leakage, 
in case condensed steam is to be weighed. For turbines 
from 500 kw. to 1000 this leakage must not exceed 1.00 
to 0.5 per cent respectively, based on total steam flow. 

Water level in condenser hotwell or inlet pipe must 
be checked at beginning and end of run. If condensate 
is used for glands or any other purpose, its quantity 
must be determined. Weighing or measuring of boiler 


January 1, 1928 


feedwater should give results accurate within 3 per cent. 
To secure this accuracy, great care is necessary and 
tests of not less than 10 hr. duration must be run at 
constant load. 

Pressure of steam supplied to the turbine is meas- 
ured by a calibrated Bourdon type gage or a dead 
weight type gage, accurate within 1 per cent. Gage 
connection should be in a straight run of pipe at least 
5 diameters long and 21% diameters from the discharge 
of the pipe. 

Quality of wet steam should be determined by a 
steam calorimeter installed as previously noted. Tem- 
perature of superheated steam is to be measured by a 
mercury-in-glass thermometer, having an engraved stem 
at least 12 in. long, accurate to 1 deg. F., which will 
not break its thread on cooling and will return to within 
1 deg. of its original reading after cooling quickly to 
room temperature. It should be calibrated before and 





FIG. 5. TWO COMMERCIAL 
TYPES OF ABSORPTION 
DYNAMOMETERS 











after the test and should be inserted -in a finned ther- 
mometer well filled with mereury, fused sodium nitrate 
or soft solder. If the steam is withdrawn from the tur- 
bine for reneating, it will be necessary to observe pres- 
sure and temperature at point of withdrawal and at 
point of return to the turbine. 


Exhaust pressure should be measured by carefully 
built mercury columns, accurate to 0.1 in. of mercury 
properly corrected for all observable causes of error. 
Exhaust steam temperature should be measured, espe- 
cially in testing small turbines exhausting steam that 
may be superheated. 

Speed of the turbine should be observed with a tach- 
ometer of greatest accuracy or else total revolutions must 
be counted by a suitable device. Exact time of the test 
must be measured by synchronized clocks and watches. 
Full directions for conduct of steam turbine tests are 
given by the A. S. M. E. Test Code and for best results 
these should always be consulted. This code covers test- 
ing of: (1) simple turbines, in which all steam enters 
at one pressure and leaves at one pressure; (2) turbines 
with intermediate reheating of steam; (3) turbines with 
which steam is extracted for feedwater heating. Other 
types of mixed pressure turbines and extraction turbines 
involve so many research problems that it is not con- 
sidered desirable to include their testing in a code in 
the present state of the art. 

Results of tests on turbines can be plotted to visualize 
the relations. The Willans line is obtained by plotting 
total steam consumption against total load. 
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Condenser Design and Construction Progress 


DECREASED SURFACE AND HigH Heat TRANSFER RESULT OF IMPROVED 


DEsIGN OF CONDENSERS AND AUXILIARIES. 


LOSING OF MANY CONTRACTS for large steam 
turbines during the year has given a considerable 
impetus to the design of surface condensing apparatus. 
The first order of this kind, a two-shaft unit of 160,000 
kw. was given by the United Electric Light & Power Co. 


last year. This order was soon followed by one for the 
three-shaft 208,000-kw. unit for the State Line Generat- 
ing Co., and one 165,000-kw. three-shaft unit for the 
Philo Station of the Ohio Power Co. An order for a 
160,000-kw. two-shaft unit was given to complete the 
Hell Gate Station of the United Electric Light & Power 
Co., and later the New York Edison Co. has ordered a 
160,000-kw. single-shaft turbine for the East River Sta- 
tion. Numerous 80,000 and 90,000 kw. machines have 
been ordered or are under consideration. 

The tendency to use double-flow or two low pressure 
turbines with multiple condensers, first manifested in 
Europe and shown in the 50,000 kw. four condenser 
units at Gennevilliers, still continues in America and the 
State Line turbine will have no less than eight con- 
densers of the very moderate size of 22,000 sq. ft. each. 
One, two, four, or eight condensers per unit are now 
under construction for large turbine units. The diffi- 
culties of designing efficient and economical tube ar- 
rangements increase with the size of the condenser as 
also do the number and complexity of the different fac- 
tors affecting the economical solution of the condenser 
problem. An unusual amount of engineering and de- 
signing effort has been required on the part of the 
manufacturers, and engineers and operators generally 
are considering the condenser and turbine as a part of 
one whole instead of separate machines. 

‘‘Leaving loss’’ and exhaust nozzle area are receiving 
much more consideration and the thermal advantages 
of a vacuum approaching as nearly as may be possible 


*Consulting Engineer, The New York Edison Co. 


By Geo. A. OrroK* 


to the theoretical are appreciated by designers as well 
as operators. It is now known that thermodynamic 
efficiency is not thermal efficiency and better vacuums 
require a lesser demand on the coal pile. 

Use of the regenerative cycle with the large size 
modern units has resulted in the cutting down of sur- 
face to some extent, say between 0.6 sq. ft. and 1 sq. ft. 
of surface per kilowatt, with the average of past years 
as high as 1.4 sq. ft. per kilowatt. Steam condensed per 
square foot of surface varies from 15 lb. to as low as 
6 lb. for the older and larger surface and less efficient 
condensers. 


Steam Distrisution Receiving Mucu ATTENTION 


At high vacuums in large condensers the distribu- 
tion of steam along the tubes as well as across the banks 
leaves much to be desired and this problem has been 
attacked by the manufacturers in various ways. Ques- 
tions of guide vanes, baffle-plates, form of exhaust 
nozzles, tube spacing and channelling, devices for the 
elimination of eddies and dead pockets, have been much 
in evidence and the proposed solutions show increased 
progress in this direction. The distinction between dry 
and wet tubes in condensers is still made and recent 
developments of the dry tube principle may be seen in 
the Ginabat arrangement introduced in Europe. In 
this design the tubes are stepped off so that the water 
runs off the outside of the bank and nearly two-thirds 
of the tube surface remains practically dry. It is 
claimed that considerable reductions of surface may be 
made with this arrangement. English and German 
licensees are now reporting good results but the design 
has not been tried out in America. Meanwhile the 
modern American tube plate design leads to certain 
drainage of surface but whether this is the cause of the 
good vacuum is not yet ascertained, and may be con- 
sidered doubtful. 
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Heat transfers ranging as high as 800 B.t.u. and 
averaging 600 to 700 B.t.u. are being guaranteed in 
contracts let in the past year. These guarantees, of 
course, depend in large measure on the temperature of 
the condensing water and the allowable divergence 
of the vacuum temperature and water temperature. 

With the later design of tube plate much larger por- 
tions of the condenser shell volume is allotted to steam 
flow and with this it may be noted that much better 
provision has been made to take care of the steam air 
mixture. Separate air coolers have been successful but 
it is still a question whether the air cooling can be 
better done in the shell or in a separate air cooler shell. 





ONE OF THREE 27,000-sQ. FT. CONDENSERS IN THE NEW 
MORRELL ST. STATION IN DETROIT 


Some of the projected designs have interior separate air 
eoolers which look very attractive and vacuum aug- 
menters are reappearing under other names and in vari- 
ous designs. 


Water SIDE ProspteEMsS REMAIN TO BE SOLVED 


There has been little progress on the water side of 
the tubes. Single pass, two-pass and a modified double 
and single-pass type are all being built and all are 
achieving good results. But the regular and uniform 
distribution of the cooling water entering the water 
boxes to the bank of the tubes is still far from satis- 
factory and very little constructive work has been done 
along this line. Most of the work on the water side 
‘has been directed to the reduction of the loss of head 
through the condenser, lowering the amount of power 
used by the pumps. Diffusers are fitted at the intake 
end of the tubes reducing the entrance head but this 
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has been counter-balanced in some cases by the use of 
%-in. and 34-in. tubes instead of the 1-in. tubes which 
have been standard so long. Under any condition the 
cost of the pumping head must be balanced against the 
gain in heat transfer due to the increased velocity of 
the water. Guide vanes in water boxes are beginning 
to make their appearance. 

Much discussion of the relative merits of vertical and 
horizontal tube banks has occurred. Some of the ad- 
vantages claimed for the vertical type would appear to 
invalidate the dry tube theory of Ginabat and others 
but up to the present time there has not been enough 
experience with the vertical tube bank to decide this 
point. It is certain, however, that for some conditions 
the vertical type possesses advantages in cost and effi- 
ciency which commends it to designers and operators. 


The most important question—that of the total cool- 
ing surface—is affected by the demands of the operator 
who require ‘‘reserve surface’’ for maintaining high 
vacuum when the tubes are foul. Actual observations 
show that the fouling and wear occur first in the, most 
efficient tubes, i. e., in tubes favorably placed in the 
steam space and receiving plenty of water. Conse- 
quently the effect of fouling and plugging is greater 
than the relative reduction of total surface. The in- 
crease in total surface involves an increase in the depth 
of steam penetration and restriction of steam passage 
unless the size of the condenser shell is increased con- 
siderably. Therefore the ‘‘generous reserve’’ is usually 
found in the air-steam mixture region of the tube bank 
and consequently the extra reserve surface provided 
doe3 not fulfill its duty. The dead tubes offer so much 
resistance that the gain attained deeper in the bank 
does not balance the loss. 


Much attention is being paid to the deaeration of 
condensate and many ingenious schemes are in use. In 
those plants operating with a large percentage of make- 
up water, the deaerators coupled with water treatment 
installations and evaporators, form a distinct feature of 
the heat balance scheme. 


Cast iron shells are still standard in America while 
in Europe many condenser manufacturers adhere to the 
rolled plate shells, riveted or welded and welded plate 
water boxes have made their appearance. The tendency 
to adopt such constructions has not appeared in this 
country. Experimental work on tube and tube plate 
materials has been continued. The corrosion problem 
has not been solved but condenser tube life has been 
lengthened and the heat treated tube is in almost 
universal use. Electrolytic corrosion prevention systems 
have been fitted in some of the new large condensers. 
Most of the newer condensers have the tubes expanded 
at one end with the ordinary corset lace and fibre glands 
at the other. The practice of expanding at both ends 
with the tubes bent to take up expansion has been used 
but is not common. 


Condenser auxiliaries exhibit many minor improve- 
ments and both steam and electric drives show increas- 
ing adaptation to efficient operation. In the air removal 
fields the steam jet in one, two, and three stages with 
intercoolers and condensers has been much improved. 
Water jet and reciprocating pumps, however, are still 
sold and perform a useful service. 





ae ee ae - ek mee oes ee ee es 


Pree 4 


POWER PLANT 


January 1, 1928 


ENGINEERING 57 


Maintenance Important in Condenser Operation 


ENGINEER Must Keep Recorps, MAKE FREQUENT TESTS AND MAIN- 
TAIN EQUIPMENT IN First Cuass CONDITION TO Get Best RESULTS 


ACTORS governing the performance of condensers 

are coming to be better understood and with in- 
ereased knowledge of condenser design performance and 
its relation to the coal consumption of the plant, more 
attention is being paid to increasing the efficiency of 
the condensing apparatus. Initial cost, vacuum, power 
consumed by the auxiliaries and reliability must all be 
given due consideration when the plant is laid out. 

After the installation is made, the item of first cost 
disappears as far as the operating department is con- 
cerned. It is then up to the engineer to keep com- 
plete records, and tests so as to have most economical 
vacuum, minimum power consumption by auxiliaries 
and maximum reliability. All three of these items are, 
for given equipment, largely a matter of maintenance. 

Power plant engineers have learned that it is not 
good practice to consider each unit of the plant in- 
dividually, but that it must be considered in relation to 
the whole with fixed investment charges considered 
along with the operating costs. 

Theoretically the higher the vacuum the lower the 
water rate of the turbine or engine, as shown by the 
chart in Fig. 1. Areas enclosed above and below the 
atmospheric line show theoretical work available from 
the heat in the steam for a machine working on the 
Rankine cycle. Actually the work developed will be 
less depending on the way expansion is carried out and 
the efficiency of the machine. Note that an increase of 
35 lb. initial pressure adds less work than an increase 
of 2 in. in the vacuum for the lower vacuums and less 
than that added by 1 in. from 28 to 29 in. The im- 
portance of vacuum producing equipment is evident. 

Practically engines are limited to about a 26-in. 
vacuum because of the prohibitive cost of large cylinders 
beyond this point. Turbines can be and are designed 
for higher vacuum conditions. Most of the large 
modern ones are designed on the basis of 29 in., although 
27 or 28 in. is usually considered the most economical 
vacuum for an industrial plant. If a turbine designed 
for 27 in. is operated under say a 2914-in. vacuum, the 
theoretical thermal efficiency is increased, but due to 
increased leaving loss of the turbine the water rate may 
actually increase. Furthermore, a higher vacuum means 
increased air pump, hotwell pump and circulating pump 
power consumption so that the highest vacuum obtain- 
able may not be the most economical for the plant as a 
whole. 

Considered as a unit, the condensing system con- 
sists of three parts, the condensers proper with the 
cooling surface and a suitable air removal apparatus to 
remove the non-condensable gases, the condensate sys- 
tem to remove the condensate from the bottom of the 
condenser shell or hotwell and the circulating water 
system to absorb the heat of the condensed steam. 

Steam entering the condenser is condensed either by 
direct contact with the water as in a jet or barometric 
condenser, or on the cool surface of the tubes as in the 
surface type. Neglecting design, the vacuum obtainable 
depends upon the circulating water available and the 


non-condensable gases present. Condensed steam is 
drained down to the condenser hotwell and from there 
pumped out by a hotwell pump which may deliver it to 
a surge tank, to the feedwater heater or, in a modern 
plant, through the steam ejector, generator air cooler 
and bearing oil cooler to other heaters on its return to 
the boiler. 

Different plants use different arrangements, utiliz- 
ing all, any combination or none of the heating mediums 
indicated in Fig. 2. All of these items considered, how- 
ever, mean a considerable increase in the temperature of 
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the feedwater, and if condensate is not used on them 
it is necessary to provide other cooling water, usually 
entailing additional pumps, an additional water supply 
which often has to be treated to prevent trouble with 
seale and dirt. 
Recorps NECESSARY DEPEND ON TYPE OF CONDENSER 
Tests and records to be maintained in connection 
with condensing equipment depend to a large extent 
upon the type of equipment used and the auxiliaries 
necessary. For a surface condenser installation, four 
distinct factors must be considered. The condenser 
itself, the air pumps, either a rotative dry vacuum, a 
steam jet or hydraulic vacuum pump, circulating pumps, 
and the condensate pump. LEither of the last three may 
be steam or motor driven. In the low level jet or 
barometric installation, the steam and circulating water 
come in direct contact so that but three items must be 
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FIG. 2. TYPICAL ARRANGEMENT OF SURFACE CONDENSING 

EQUIPMENT AND AUXILIARIES IN A MODERN POWER PLANT 

SHOWING POINTS WHERE INSTRUMENTS CAN BE USED TO 
ADVANTAGE 


considered: the condenser itself, the supply or tail 
pump, and the air pump. Ejector condensers are de- 
signed with a high circulating water velocity through 
the throat and it is not necessary to use a vacuum pump 
with them, as the non-condensable gases are entrapped 
in the circulating water jet and carried down the tail 
pipe, so that the ejector condenser records cover only 
the condenser itself and the supply pump. 

Many types of instruments are used and although a 
complete list necessary for any particular installation 
will vary with the individual conditions, there may be 
listed in general classifications as follows: 

1. Barometer—preferably of mercurial type. 

2. Mereury column for measuring vacuum. ‘The 
mercury column should have the smallest graduation not 
greater than 0.1 in. and should be fitted with a microm- 
eter. 

3. Bourdon gages for measuring pressures greater 
than those which can be conveniently handled by mer- 
cury manometer tubes. For steam supply to the auxil- 
iaries this pressure range may be as high as the station 
steam pressure. 

4. Thermometers. Three classifications can be made 
for this item. First, those for registering temperatures 


#1s a Water Inlet 


#2: Air Cooler Water Outlet . z 


Te 
#3: Circulating Vater Ontlet J. a 
Temp. lL 2. 





January 1, 1928 


of circulating water and condensate and vapors. These 
should be graduated 14 deg. and be graduated fron 
readings of 32 to 150 deg. F. Second, those for deter- 
mining steam temperatures for low pressure steam grai- 
uated by degrees and reading from 32 to 250 deg. F. 
Third, those for determining temperatures of high pres- 
sure steam. The range of these thermometers should go 
as high as total steam temperature of the station. 

5. Tank and platform scales or other type of water 
meter for measuring condensate and circulating water. 

6. Air measuring devices, gasometers or calibrated 
orifices. 

7. Appliances for testing auxiliary pumps such as 
steam engine indicators, electrical instruments, speed 
indicators, tachometers, ete., depending upon the type 
and drive of auxiliary. 


PERFORMANCE OF CONDENSER MEASURED BY HEAT 
TRANSFER 


For practical purposes the performance of a surface 
condenser is measured by what is known as the heat 
transfer coefficient or B.t.u. transferred per square foot 
of condensing surface per hour per degree temperature 
difference. In this country at least, about the earliest 
and most quoted work along this line was performed by 
Orrok. It is recorded in the 1910 volume of the A. S. 
M. E. Transactions. Recently the majority of reliable 
experimental data available was recalculated and a sum- 
mary of all the heat transference theories to date made 
in a paper by McAdams, Sherwood and Turner, which 
appeared in the 1926 volume of the A. S. M. E. Trans- 
actions. 

In this paper the overall resistance has been split up 
into the individual resistance on ,the vapor side of the 
tubes, the resistance of the tube itself, the resistance of 
any scale or other deposit on either or both surfaces of 
the tubes, and the resistance on the water side. Of these 
the resistance on the vapor side and the thermal resist- 
ance due to scale have not been investigated, but have 
been lumped together and must be determined experi- 
mentally from similar condensers or by tests on the unit 
in question. Thermal resistance of the tube itself can 
be caleulated and is a function of the tube diameter, 
thickness and metal. The resistance on the water side 
has been completely analyzed and can be predicted for 
any given condition. It depends upon the diameter, 
thickness and length of the tube, the steam temperature, 
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the average water temperatures, the mean temperature 
of the water film, the velocity of the water through the 
tubs and its viscosity. 

Details of the equipment and methods for finding and 
recording the performance of the condenser, air pumps, 
circulating pumps, hotwell pumps and water measure- 
ments will be found in other sections dealing with these 
specific subjects. Each item, of course, bears a definite 
relation to the others. The section of chart shown in 
Fig. 3 is from a multipoint electric temperature recorder 
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with six temperatures combined in such a way that the 
pertinent data are available at a glance. 

Rise in cooling water temperature is the difference 
between Nos. 1 and 3, terminal temperature differences 
are the difference between Nos. 3 and 6, while the con- 
densate undercooling or hotwell depression is shown by 
the difference between Nos. 5 and 6. These happen to 
be the important items in one particular station but the 
thermometer elements can be moved to meet the specific 
conditions of any installation. 


Air and Steam Measurements Most Difficult 


INSTRUMENTS SHOWING THE AIR AND STEAM CONDI- 
TIONS IN THE CONDENSER Must Br CAREFULLY LOCATED 


ONDENSERS are usually guaranteed to obtain a 

definite absolute pressure at the entrance to the 
condenser. Since the pressure required is the static 
pressure free from impact of velocity effects, it is neces- 
sary to connect a gage or mercury column to some form 
of pressure tip, as the steam coming from the- turbine is 
flowing at high velocity in an irregular way. 

Three types of tips used are shown in Fig. 1. The 
British tip is placed in the exhaust passage in such a 
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FIG. 1. VARIOUS TYPES OF PRESSURE TIPS USED TO OBTAIN 
INLET CONDENSER PRESSURE 


way that the holes are at right angles to the flow. The 
square tip consists of two pieces of boiler plate with a 
fine mesh screen clamped between them, the connection 
being taken from the center of one of them as indicated. 
The A. S. M. E. tip should be connected normal to the 
inner wall and should not be smaller than 14-in. stand- 
ard pipe size. One tip should be provided for each 16 
sq. ft. of exhaust area, but in no case less than two or 
more than six should be used. 

For test purposes a mercury column similar to Fig. 
2-A ean be used or, for ordinary records, an indicating 
gage of the general type shown in Fig. 2-B can be 
provided unless, of course, a permanent record is de- 
sired, in which case the recording type as shown in Fig. 
2-C can be substituted. 

In order to find the absolute pressure existing in 


‘the condenser it is necessary to know the barometric 


reading at that time, and subtract the vacuum gage 
reading from it. Several types of barometers are on 
the market, the most reliable being the mercury column 
type shown in Fig. 2-D, although the aneroid barom- 
eter, Fig. 2-E, is more convenient in many cases. Some- 
times an absolute pressure gage, which indicates the 
absolute pressure direct without reference to the barom- 
eter is used. One form of gage which has been devel- 


oped especially for power plant service is shown in 
Fig. 3-A. 

Accurate temperature measurements at this point 
are difficult to make and require considerable care in 














FIG. 2. A, MERCURY COLUMN VACUUM GAGE WITH MI- 

CROMETER; B, INDICATING VACUUM GAGE; C, RECORDING 

VACUUM GAGE; D, MERCURY COLUMN BAROMETER; E, 
ANEROID BAROMETER 


location. Regardless of their supposed accuracy, how- 
ever, inlet temperatures should never be used to com- 
pute the pressure. Mercury, gas or liquid filled, 
resistance thermometers or thermocouples of the indi- 
cating or recording may be employed, various types 
being shown in Fig. 4. The instruments themselves 
if properly calibrated are accurate, the greatest errors 
encountered being not inherent in the instruments them- 
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selves but are rather those due to faulty locations. Radia- 
tion from hotter surfaces, such as the heated turbine 
shell, pockets, eddies and conduction of heat from hot 
walls to the thermometer wells are common sources of 
error. 


MoIsturRE IN STEAM CANNOT BE MEASURED 


If it were possible to get a calorimeter to sample 
the steam as it leaves the turbine, the total heat flow to 
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FIG. 3. A, ONE TYPE OF ABSOLUTE PRESSURE GAGE DEVEL- 

OPED ESPECIALLY FOR POWER PLANT WORK; B, BARE EN- 

GRAVED MERCURY THERMOMETER AS INSTALLED FOR AIR 
TEMPERATURE MEASUREMENTS 


INITIAL PRESSUAE 
THEORETICAL HEAT CONTENT PER POUND OF EX- 
AFTER ADIABATIC EXPANSION FROM SATU- 
RATED CONDITION 


FIG. 5. 
HAUST STEAM 


the condenser could be found direct. However no such 
calorimeter is available and to find the heat flow to the 
condenser it is necessary to subtract the heat converted 
into work and absorbed in various losses from the heat 
supplied ‘to the throttle and assume that the balance is 
absorbed in the condenser circulating water. This may 
be ecaleulated for non-bleeding turbines and engines 
from the equation: 
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ih — (66 BE) — 4 — 
Where H = B.t.u. per lb. of steam to circulating water 
h = B.t.u. per Ib. of steam at throttle 
R = water rate of machine in lb. per b.hp-hr. 
E = mechanical efficiency of machine including 
all friction, windage, radiation, etc., losses. 
t = temperature of condensate 

Theoretical values for adiabatic expansion of satu- 
rated steam are shown graphically in Fig. 5. Prac- 
tically the value of H is about 950 B.t.u. per pound for 
industrial installations. 

It is highly important that the air and non-con- 
densible gases be removed, as they seriously affect the 
vacuum. Measurements of the temperature of the air 
can be made at the pump suction by any ordinary type 
of thermometer as mentioned before, although the best 
type is an ordinary engraved mercury thermometer in- 
serted uncovered through an air-tight rubber bushing as 
shown in Fig. 3-B. 

















Fig. 4. A, RECORDING THERMOMETER AND BULB; B, INDI- 

CATING DIAL TYPE THERMOMETER; C, THERMOCOUPLE AND 

INDICATOR; D, MULTIPOINT ELECTRIC TEMPERATURE RE- 
CORDER 


Various methods of measuring the air discharged are 
used, the most accurate being the bell or gasometer of 
which Fig. 6-A is one type. Other meters developed 
especially for use with steam jet and hydraulic vacuum. 
pumps are shown in Figs. 6 and 7, the simplest being 
the orifice type shown in Fig. 6-B. Two others operat- 
ing on different principles are shown in Figs, 6-C and 
7-A. In these two a close fitting bell or cap, A, is pro- . 
vided, air entering through the hole to space E raises 
the bell and uncovers the slot C until air flow through 
the slot at the pressure required to keep the cap floating 
balances that removed from the condenser. Pointers 
and a graduated scale serve to indicate the flow. These 
meters are calibrated for an average pressure and tem- 
perature condition and changing temperatures or pres- 
sures are not corrected for. 
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Fig. 6. A, GASOMETER FOR ACCURATE AIR MEASUREMENTS ; 
B AND C, TWO TYPES OF AIR METERS USED WITH CONDENSERS 


A more elaborate design is shown in Fig. 7-B. A 
cylinder with a revolving cap in which are seven orifices, 
ranging from 4} to 1 in. in diameter is used. A ther- 
mometer and gage reading in inches of water are also 
provided.” The top is shifted until the proper size orifice 
comes over the opening in the cylinder. The air flow is 
found by reference to Table I opposite the orifice side 
and the water column reading is shown by the gage. 
Temperature and barometer corrections can be made 
from correction factors shown in Table II, in order 
to bring the reading to actual temperature and pressure 
conditions. These tables given on a brass plate tacked 
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Fig. 8. APPROXIMATE CAPACITY OF AIR PUMPS AS A FUNC- 
TION OF THE STEAM CONDENSED 


directly to the meter itself. The holes are typical square 
edge orifices, the plates being made about 1% in. thick. 

Meters or air flow indicators of this kind are ordi- 
narily not kept in service but piped up so that the 
operator can check up on air leakage from time to time. 
In a.modern central station with a closed feedwater sys- 
tem air leakage to the condenser is practically constant 
for all loads and all size units industrial installations 
with open systems have considerable air entering with 


TABLE I. AIR CAPACITIES FOR METER SHOWN IN FIG. 7-B 








Cu. ft. of free saturated air per minute at 
29.5” Bar. and 75 deg. F. for orifices of 
given diameter. 

13/32 15/32 9/16 11/16 
3.17 423 6.08 9.07 

3.37 449 646 9.62 

3.56 4.74 6.82 10.15 

3.74 4.98 7.17 10.66 

3.91 5.21 7.50 11.15 

4.07 542 7.81 11.60 

4.24 5.64 8.12 12.05 

4.39 5.85 842 12.47 

4.54 6.04 8.69 12.91 

469 6.24 898 13.30 

4.82 642 9.24 13.70 


Water 


Column 11/32 27/32 = 1 
13.65 19.18 
14.48 20.34 
15.29 21.47 
16.05 22.55 
16.80 23.58 
17.41 24.55 
18.15 25.49 
18.79 26.39 
19.45 27.32 
20.05 28.15 


20.62 28.97 


21, ” 
2% ” 





TABLE II. BAROMETRIC AND TEMPERATURE CORRECTION CO- 
EFFICIENTS FOR METER SHOWN IN FIG. 7-B 


For 
temp. corr. 
multiply 
reading by 
1.040 
1.035 
1.029 
1.024 
1.019 
1.014 
1.010 
1.005 
1.000 
995 
991 
986 








For baro. 
corrections 
multiply 
in Hg. reading by 
30.5 .967 
30 .992 
29.5 1.000 
29 1.009 
28.5 1.018 
28 1.027 
27:5 1.036 
27 1.045 
26.5 1.055 
26 1.065 
25.5 1.076 
25 1.086 


Baro. 
Read. Temperature 


Read. Deg. F. 
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the steam and air flow is usually considered as a func- 
tion of the steam to be condensed as shown in Fig. 8. 

When this air is removed from the condenser it is, 
of course, mixed with vapor so that several times the 
weight of the original dry air must be removed. This 
ratio varies with both the temperature and vacuum as 
shown graphically in Fig. 9. 
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FIG. 9. THE MIXTURE OF AIR AND VAPORS REMOVED FROM 
THE CONDENSER PER POUND OF AIR VARIES WITH THE 
TEMPERATURE AND VACUUM 











aN Mh 





> 















































Bin oy 











MS 





co) 





.— 
a 
: er 








| ae ee ee eS ee ee 








Bi, ol 





Diameler of Bell- Mouthed Orifice. 









































[ 

GASP RARER E RI 
Oo 5 0 I 2 2 30 35 40 45 50 355 60 
Cubic Feet Atmospheric Air per Minute. 





FIG. 10. CALIBRATION CURVE FOR VARIOUS SIZE _ BELI. 
MOUTH ORIFICES FOR VACUUMS GREATER THAN 18 IN. 
(INSERT IS A CROSS-SECTION OF A BELL MOUTH ORIFICE) 


For testing the capacity of vacuum pumps of any 
kind on free dry air, a calibrated bell mouth orifice 
shown in Fig. 10 is the simplest method. The amount 
of air handled by this method is not a direct comparison 
of the value of the various types of vacuum pumps for 
condenser service, although it is a convenient method of 
- comparing the size of steam jet, hydraulic and R.D.V. 
pumps. Figure 10 shows the standard calibration 
eurves for various sizes of bell mouth orifices when the 
vacuum is above the eritical value of 18 in. of mereury. 
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Entrance of air into the condenser either with the 
steam or through leaks not only causes lower heat trans- 
mission through the tubes but causes the vacuum to be 
lowered. Condenser pressures are due to a combination 
of air and steam pressures and can be determined from 
Dalton’s law which says that the total gas pressure 
exerted by mixed gases in a closed chamber is the sum 
of the several individual gas pressures. 

If steam at a temperature of 110 deg. F. enters the 
condenser the corresponding saturated steam pressure 
is 27.4 in. of vacuum or 2.6 in. absolute. If sufficient 
air were present in the condenser to give a pressure of 
1 in. abs. when no steam was present the combined 
pressures when both were together would be 2.6 + 1 = 
3.6 in. abs. or 26.4 in. of vacuum. The removal of air 
affects both the efficiency of the condenser and prime 
mover. 


Condensate Handling Presents 
Many Problems 


WITH SuRFACE CONDENSERS THE RETURN 
OF CONDENSED STEAM TO THE BOILER 
Freep System Orrers Many PossIBi1i- 
TIES WHICH SHOULD ALL BE ANALYZED 


ONDENSATE or condensed steam being practically 

pure is ideal feedwater and, as such, is worth 
going to considerable pains to reclaim, In fact, the 
possibility of reclaiming this is one of the chief advan- 
tages of the surface condenser. 
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FIG. 1. THREE COMMERCIAL VOLUMETRIC METERS 





Two sources of contamination exist, however. Make 
up to the feedwater, which must be added to replace 
that lost by blowdown, leakage or process work, and 
condenser tube leakage. The first will vary from about 
114 per cent for modern central stations up to 100 per 
cent where all the exhaust steam may at times be used 
for some industrial process. Many industrial plants are 
now equipped with bleeder turbines where steam is ex- 
panded part way in the turbine and then bled off or 
extracted at low pressure for the process work. When 
the demand for exhaust steam is small, the excess steam 
is expanded through the lower stages of the turbine to 
the condenser. Condenser leakage will be mentioned 
later. 
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Condensate falls down to the hotwell of the con- 
denser and is removed against the vacuum by the hot- 
well pump. The one method of measurement which 
offers no possibility of argument is the direct measure- 
ment of weight with calibrated scales. Two tanks, each 
supported on a platform scale, should be provided close 
together with the piping arranged so that the flow can 
be switched from one to the other without loss. One 
tank can be weighed while the other is being filled. If 
seales are not available, tanks of known volume may be 
used, and the results converted to pounds, careful atten- 
tion being given to temperature correction. 

Commercial meters of this type are available, three 
designs being represented in Fig. 1. Weirs are also a 
standard method of water measurement. The V notch, 
because of its accuracy in handling varying flows and 
giving accurate indications at low flows, is the standard 
type for feedwater systems. It is usual to place meters 








A—DIAGRAMMATIC ARRANGEMENT OF A V-NOTCH 
B—A V-NOTCH WEIR INSTALLED FOR MEASURING 
CONDENSER DISCHARGE 


FIG. 2. 
WEIR. 


of this type in the feedwater system close to the boiler, 
although the*meter can be used at any place desired. 
A diagrammatic meter arrangement of this type is 
shown in Fig. 2-A together with an arrangement for 
measuring condenser discharge, Fig. 2-B. 

Of late years the orifice meter of the general type 
shown in Fig. 3 has become popular. Several types of 
recording instruments, both mechanical and electrical, 
have been developed for use with it and are described 
more in detail in the section dealing with steam measure- 
ments. In general the mechanism is the same for both 
services, although most companies build a low differen- 
tial mechanism for low pressures in order to give a full 
seale deflection of the recorder or indicator with small 
pressure losses. 
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REPRESENTATIVE THERMOMETER BULB INSTALLA- 
TIONS FOR RECORDING THERMOMETERS 


FIG. 4. 


Where continuous record of the flow is desired, the 
V notch and orifice meter are both well adapted. The 
volumetric are made to give the total flow but not to 
record the flow as a continuous record. The orifice type 
with electric mechanism is particularly popular because 
of the fact that indicators can be provided at several 
different locations and the recorders and integrators 
grouped together on a central board regardless of the 
location of the orifice itself. A typical panel of this 
kind is shown in Fig. 3. 
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FIG. 3. A TYPICAL FLOW METER INSTALLATION 


Temperatures can be measured by any of the stand- 
ard thermometers on the market, either of the recording 
or indicating type. Methods of installing thermometer 


wells or bulbs in large and small pipes are shown in 
Fig. 4. 


CONDENSER LEAKAGE IMPORTANT 


Condenser leakage, that is leakage of the circulating 
water into the steam space through cracked or corrgded 
tubes or leaky packing, is particularly bad when salt or 
badly contaminated circulating water is used. When 
salt water is used for circulating water the qualitative or 
quantitative silver nitrate method is the simplest for 
testing for condenser leakage. If this method is used 
with fresh water, brine must be added at the suction 
of the pump in order to give an indication. The quali- 
tative method is to be used when the condenser is 
known to be fairly tight. The quantitative method 
should be used when the leakage is known to be con- 
siderable. Both tests are made while the engine or tur- 
bine is running. 

Another method, known as the direct weight method, 
ean be used with fresh circulating water only. It is 
made when the engine or turbine is not running, but 
with the circulating pump operating and a vacuum 
equal to the working vacuum maintained. At the end 
of the test, the circulating water which leaked into 














FIG. 5. ELECTRODES FOR USE WITH AN ELECTROLYTIC CON- 
DUCTANCE CONDENSER LEAKAGE METER 
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FIG. 6. TYPICAL CALIBRATION CURVE OF AN ELECTROLYTIC 
CONDUCTANCE METER 


steam space is collected from the hotwell and weighed. 
Both of these methods require considerable apparatus 
and a slight knowledge of and skill with chemicals. 

A method which can be applied to regular continu- 
ous operation and a permanent record made is known 
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as the electrolytic conductance method. It involves the 
relative electric resistance between electrodes immersed 
in pure condensate and a mixture of condensate and 
circulating water as found in the hotwell of a condenser 
with leaky tubes. A meter of this kind is shown in 
Fig. 5 with a typical calibration curve shown in Fig. 6. 
The recorder is electrically operated and is similar in 
appearance to a single pyrometer recorder. 

If the circulating water is of good quality, many 
plants do not do anything until the leakage exceeds the 
makeup of the plant, but if the circulating water is bad 
the leakage must be kept as small as possible. Many 
plants set 5 per cent as the maximum and when this 
value is reached overhaul the condenser. 

Leaks are located by draining the water side of the 
condenser and filling the steam space with water, noting 
tubes where the water flows through. Where leaks are 
small a more accurate method consists of draining the 
condenser of water, plugging one end of the tubes and 
maintaining a 12 or 14-in. vacuum on the steam side. 
A small gas flame or candle passed over the tube ends 
and tube sheet will indicate’ leaks by being drawn in by 
the air flowing into the steam compartment of the con- 
denser. ¥ ’ 


Circulating Water Supply Extremely Important 


Ir NaturaL Suppty Is Nor AvAILABLE Spray Ponp Must Be Pro- 
VIDED ENTAILING ADDITIONAL INVESTMENT AND AUXILIARY POWER 


UFFICIENT cool water for condenser circulating 

purposes is a necessity and for a large power plant 
is of more importance than fuel. Fuel can be and is 
brought from distant points by barge, railroad or truck, 
but a natural supply of circulating water cannot be 
diverted from its course to any considerable extent. Ifa 
lake or river is not available it is necessary to provide 
water through a spray pond, not only a considerable 
investment expense, but entailing additional auxiliary 
power which is not otherwise necessary. 

In the average plant the heat in the exhaust steam 
amounts to from about 925 to 1000 B.t.u. per lb. This 
heat is absorbed in the circulating water. Good con- 
denser practice places the temperature rise of the cir- 
culating water at about 10 deg. F. and this requires 
about 100 lb. of circulating water per lb. of steam. 
Figure 1 shows the temperature rises for various 
amounts of circulating water based on 1000 B.t.u. per 
lb. of exhaust steam. 

In a barometric or jet condenser the temperature of 
the circulating water can be brought reasonably close 
to the temperature corresponding to the vacuum carried. 
This difference depends largely upon the capacity and 
efficiency of the air removal apparatus. Naturally the 
amount of circulating water increases rapidly with an 
inerease in the inlet temperature and with an increase 
in vacuum. The relation of these factors is shown 
graphically on Fig. 2. For instance, but 11 lb. of 40 
deg. water per lb. of steam is required to give a 26-in. 
_ vacuum as compared with 15 lb. of 60 deg. water. On 

the other hand, 25 lb. of 40 deg. water is required for 
a 29-in. vacuum. 

With surface condensers there must always be an 

appreciable difference between the condensing steam 


and discharge water temperatures in order to have heat 
transmission through the tubes. The relation of these 
quantities is shown on Fig. 3. As indicated by the right 
hand seales greater difference is usually allowed between 
condensate and discharge cooling water for high vac- 
uums than for low. Temperatures at the left are those 
for saturated steam at pressures shown on the right. 
For a>28.5-in. vacuum, the exhaust temperature would 
be 92 deg. and the discharge temperature or cooling 
water would be 7 deg. less or 85 deg. requiring 5200 
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FIG. 2. COOLING WATER SUPPLY NECESSARY FOR JET AND 
BAROMETRIC CONDENSERS UNDER DIFFERENT CONDITIONS 
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CONDENSERS 


g.p.m. of 60-deg. water per 1000 lb. of steam con- 
densed. 


QUANTITY OF CIRCULATING WATER CAN Be Founp 
FROM Heat BALANCE 
Knowing the value of the heat content per pound 
of exhaust steam the amount of circulating water can 
be caleulated from the heat balance method by the fol- 
lowing equation: 
G = H W — (I— 0) 500 
where G = circulating water in g.p.m. 
H = B.t.u. per lb. of exhaust steam to be ab- 
sorbed. 
W = pounds per hour of exhaust steam. 
I = temperature of circulating water in 
O = temperature of circulating water out 
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APPLICATION OF THE WEIR TO A BAROMETRIC 
CONDENSER 














Fig. 5. 


T = temperature rise (I — O). 
When H = 950, this reduces to 
C=—=19 W +T. 
This is an approximate method which can be applied 
although where possibly the flow should be measured by 
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FIG. 4. DOUBLE THERMOMETER USED FOR INDICATING THE 
TEMPERATURE RISE OF CONDENSER CIRCULATING WATER 


one of the various types of reliable meters for this serv- 
ice. For barometric and jet condensers without tail 
pumps, the weir can be used with considerable success 
as shown in Fig. 5. This, of course, measures the total 
condensed steam and circulating water. Orifice meters 
are mentioned in the articles on condensate and steam 
measurements and can be used, preferably on the dis- 
eharge side of the circulating pump. The Venturi 
meter as described in the article on feedwater measure- 
ment is also well adapted. The Pitot tube can be and 
is used: occasionally, but is not as good for this service 
as a rule because circulating water often has consider- 
able debris which stops up the small pressure holes. 

If centrifugal circulating pumps are used and have 
been carefully tested either in the shops or by the cus- 
tomer, the total head as indicated by the gages can be 
used to give an approximate idea of the flow, a typical 
circulating pump characteristic is shown in Fig. 6. 
Pressures at the suction and discharge can be obtained 
by means of the indicating or recording gages mentioned 
in the two previous articles. The pump may be tested 
as desired in the article on plant auxiliaries. 
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FIG. 6. TYPICAL CHARACTERISTIC OF A CIRCULATING PUMP 
FRrIcTION HEAD IMPORTANT FROM STANDPOINT OF POWER 
CoNSUMPTION 


In any installation, the total head against which the 
pump operates is made up of a static head which may be 
estimated accurately and a friction head which is a 
matter of measurement. A mercury column or manom- 
eter connected across the point to be measured is the 
most satisfactory. In Fig. 2 of the article heading this 
section a manometer location between the inlet and dis- 
charge of the condenser is indicated in the position to 
measure the friction loss through the condenser. 

In a barometric condenser the static head is the 
larger, while in the surface condenser most of the head 
is made up of friction because the discharge pipe is 
usually sealed to give a syphon effect. Figure 7 shows 
the effect of velocity on the friction head for various 
sized tubes. Velocities of from 5 to 10 ft. per second 
are common, the maximum tube length running about 
25 ft. 

Power requirements for either type of pump can be 
ealeulated approximately from the equation: 

PG x H ~ 4000 E 
where P = power in b.hp. 
G = g.p.m. 
Ti = total head in feet. 
E = efficiency of pump. 

In an installation requiring 10,000 g.p.m., where the 
total head was ecaleulated to be 22 ft. and with a cireu- 
lating pump having an efficiency of 25 per cent, the 
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FIG. 8. POWER CONSUMPTION OF CIRCULATING PUMPS 
INCREASE RAPIDLY WITH WATER VELOCITY 


horsepower required would be about 73.5. Power re- 
quirements for the circulating pumps are the highest of 
the condenser auxiliaries and it is important to have 
the piping laid out so that friction losses are reduced to 
the minimum. From the curves in Fig. 8 the relation 
of speed, horsepower, friction and static heads are 
shown in relation to each other and to the capacity of 
the pump in gallons per minute. 


THE CENTER of production of electricity by public- 
utility power plants in 1907 was located out in Lake 
Michigan about 45 mi. northeast of Chicago. In 1917 
the center was about 65 mi. west by north of Chicago, 
having moved about 85 mi. in a southwesterly direction 
in the 10-yr. period since 1917. In 1926 it was 55 mi. 
west by south of Chicago, having moved about 20 mi. 
in a southeasterly direction from its position in 1917. 

These figures, computed by A. H. Horton, of the 
Geological Survey, Department of the Interior, are 
based on the production of electricity by public-utility 
power plants in the United States as published by the 
Bureau of the Census and by the U. S. Geological Sur- 
vey 


The relatively small movement of the center of out- 
put since 1907 is an indication of the general increase 
in utilization of electricity in all parts of the country. 
During the period from 1907 to 1926 the output in- 
ereased from 10.6 to 73.8. billion kilowatt-hours, or 
nearly 600 per cent in the 20-year period. The increase 
in population during the same period was only 34 per 


cent. The relative increase in total output is about the 
same as the relative increase in the per capita use of 
electricity, which in 1907 was 122 kw-hr. and in 1926 
was 630 kw-hr. The per capita consumption of elec- 
tricity in Germany in 1926 was only 180 kw-hr. or less 
than one-third of the per capita consumption in the 
United States. 


VENTILATION and proper lighting of your plant are 
important. 
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Maintaining Correct Voltage and Frequency. 


PROPER OPERATION OF ALTERNATING CURRENT GENERATORS DEMANDS ACCU- 
RATE KNOWLEDGE OF THE Factors WHICH AFFECT VOLTAGE AND FREQUENCY 


N ANALYSIS OF THE performance character- 

istics and operating requirements of electric gen- 
erators involves consideration not only of the generating 
equipment itself but also of the load and distribution 
system to which the generators are connected. Any 
well designed a.c. or d.c. generator when operated at 
proper speed and connected to a steady load no greater 
than that for which the machine is designed will oper- 
ate satisfactorily with little attention. In actual prac- 
tice, however, under varying loads and with different 
types of prime movers, systems of excitation and control 
the proper operation of generators is dependent to a 
considerable degree upon the accuracy with which all 
the variable factors are known and on the extent to 
which they can be controlled. 

In general, satisfactory and efficient performance of 
generating equipment requires: 

1. Maintenance of proper voltage and frequency 
under normal load conditions. 

2. Continuous operation of the machines at load 
factors to give the most efficient production of electrical 
energy at the same time maintaining a high factor of 
reliability. 

3. That no machine be operated at a point in excess 
of its limiting thermal capacity. 

Three requirements are listed here, not necessarily 
in their order of importance, for that may be subject 
to local conditions and individual opinion, but in the 
order that they would receive attention in the average 
station. Requirements 2 and 3 are somewhat related 
and there may be some question as to which to place 
first, but certainly there can be no question as to the 
position in the list of ‘‘proper voltage and frequency.”’ 
Correct voltage, particularly on central station systems 
and industrial systems carrying large lighting loads, is 
of paramount importance, and every effort must be 
made to keep it within the allowable limits of variation. 

A study of the fundamental equations on which al- 
ternator design is based shows that the terminal voltage 


of an alternator is dependent upon both internal and 
external constants, in other words, as stated in the first 
paragraph of this article, the terminal voltage depends 
on the load and power factor of the load to which the 
machine is connected, as well as upon the values of flux 
and speed of the machine. Fortunately, however, by 
means of the automatic voltage regulator or other means 
of varying the flux, it is possible to secure any desired 
terminal voltage condition under varying loads. Alter- 
nator designers therefore have leeway in regard to volt- 
age regulation. 

The question of power factor in the operation of 
alternators has considerable bearing upon the terminal 
voltage. With a direct current generator under fixed 
conditions of field current and speed, the terminal volt- 
age depends upon the magnitude of the load. Under 
similar conditions the terminal voltage of an alternator 
depends not only-on the magnitude of the load but also 
on the power factor of the load. A knowledge, there- 
fore, of the variation of voltage with current and power 
factor is essential. When the power factor is unity, 
the voltage of an alternator may remain within a few 
per cent of being constant from no load to full load but 
at low power factors the voltage may drop 30 to 40 per 
cent from no load to full load. 

The degree to which the voltage at the terminals of 
a generator may vary depends upon the character of 
the load and the type of system. Lighting service is 
in most cases the controlling factor because there is a 
close relation between the voltage and lamp life and 
efficiency. The percentage variation of the watts con- 
sumed per candle power (efficiency) and the candle 
power of a Tungsten lamp as the voltage is varied is 
shown in Fig. 1. An examination of this chart shows 
that an increase of two per cent in voltage produces an 
increase of about 8 per cent in candle power and 4 per 
cent in efficiency. Also, a 2 per cent decrease in voltage 
results in a 7 per cent reduction in candle power. 

A consideration of the life of incandescent lamps 
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with voltage variation shows even more marked effect. 
A lamp burned at 5 per cent above normal voltage will 
fail at about half the normal life of the lamp while if 


the lamp is burned at a voltage 5 per cent below normal, | 


its life will be doubled. 

It is evident, therefore, that the voltage of lighting 
distribution systems must be controlled very carefully. 
This control is accomplished in any of the following 
ways, depending upon the type of system: by variation 
of the generator pressure at the power station bus; by 
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FIG. 1. CANDLE POWER AND EFFICIENCY CHARACTERISTICS 
OF INCANDESCENT LAMPS 


voltage taps on transformers supplying transmission 
lines and sub-station busses and by the use of potential 
regulators on the individual feeders of an alternating 
current distribution system. 

Voltage variation of the generator is accomplished 
either by hand or by means of the automatic voltage 
regulator. In large stations supplying metropolitan 
areas hand regulation is most commonly used, since 
the actual voltage at the load is regulated by means of 
automatic feeder voltage regulators. For industrial 
plants and central stations connected directly to trans- 
mission lines, automatic regulation is used. 

In the latter case, the Tirrill type regulator is cus- 
tomarily used, although the motor operated face-plate 
rheostat is also used. 

The permissible voltage variation from normal will 
depend, of course, upon what is considered good service 
in any particular locality. The variation in illumina- 
tion from incandescent lamps with voltage has already 
been referred to, and it is evident that the variation in 
voltage at the lighting load should be considerably less 
than the 2 per cent over and under referred to. The 
permissible voltage variation at the generator, of course, 
where feeder regulators are used, depends upon the 
characteristics of the regulators, but in the recent dis- 
cussion on voltage standardization before the A. I. E. E. 
it has been proposed that the generator regulation be 
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held within a range of from plus 5 to minus 5 per cent 
of standard. 


MAINTAINING PROPER FREQUENCY 

It is very essential in the operation of alternating 
current systems to maintain proper frequency. In 
America, the standard frequency is 60 cycles per sec- 
ond, for transmission as well as for generation. The 25, 
30 and 50 cycle frequencies used in former years are 
not being adopted in new undertakings. 

Since with a given alternator the frequency is a 
function of the speed of rotation of the machine, the 
question of frequency is largely one of keeping the 
speed of the prime mover constant under varying con- 
ditions of input and electrical load. 

There are several different types of frequency 
meters available for determining the frequency of an 
alternator which, although they operate on different 
principles are all reliable and accurate. The vibrating 
reed type of frequency meter is the simplest and the 


most easily understood. In this type of instrument a. 


number of steel strips of different lengths are arranged 
side by side, fastened rigidly at one end and free to 
vibrate at the other. The strips are placed in the field 
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FIG. 2. SHOWING THE PRINCIPLE OF THE VIBRATING REED 
TYPE FREQUENCY METER 
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FIG. 3. APPEARANCE OF THE SCALE OF THE VIBRATING REED 
FREQUENCY METER 


of an electromagnet which is energized from the circuit 
to be measured. Since, because of their different lengths 
the strips have different natural periods, the one with 
a period corresponding to the alternations of the mag- 
netic field will be set in vibration. The ends are turned 
up and painted white so that the particular reed in a 
row which is vibrating will be indicated by a white 
band or blur. 

In another type two voltmeter movements are me- 
chanically interconnected so that they tend to rotate a 
pointer in opposite directions. A non-inductive re- 
sistance is connected in series with one movement, while 
an inductance is connected in series with the other ele- 
ment. The apparent resistance of the inductive move- 
ment varies with the frequency and thus varies the 
amount of current taken by it. Therefore, each fre- 
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quency will cause the pointer to take up a different 
position. 

The problem of keeping the frequency constant and 
at the correct value is dependent upon the type of sys- 
tem to which the generator is connected, and upon the 
governor mechanism of the prime mover. The governor 
on a turbine must be sufficiently sensitive to control the 
division of load between generators operating in parallel 
as the system load changes but must not be so sensitive 
as to respond instantly to instantaneous load changes on 
the electrical system. 

Control of the steam turbine governor is usually 
subject to the will of the switchboard operator by 
remote control apparatus. When a number of alter- 
nators are operating in parallel it is possible to control 
the frequency by the automatic governing of one ma- 
chine which is always connected to the system. To be 
effective, however, this machine must have a fair 
capacity compared to that of the system for it must be 
evident that the variation in load from full load to no 
load on a small machine would affect a large system 
very little. 

There is a positive tendency in alternators operating 
in parallel to maintain the same frequency. In other 
words, any tendency for one machine to slow down or 
speed up is opposed by reactions from the other ma- 
chines which tend to prevent the alternators from 
pulling out. 

Insofar as any variation of system frequency is con- 
cerned, the effect is less serious perhaps than a change 
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4. CIRCUIT OF A RECORDING FREQUENCY METER USING 
AN INDUCTANCE BRIDGE TYPE OF CIRCUIT 


FIG. 


in voltage. Lamps and heating devices are not affected 
by slight changes in frequency, i. e., changes of the 
order of 1 or 2 cycles from normal. Synchronous motor 
speeds would be affected slightly but for most practical 
applications this slight change in speed would not be 
serious. On present day systems, however, the fre- 
quency is maintained constant to within 1 cycle or less 
from normal, except under abnormal conditions. 

The importance of maintaining a constant frequency 
raises the question of automatic frequency control. To 
carry out automatic control it is necessary to have avail- 
able a frequency meter, not only of high accuracy, 
but of sufficiently high torque to close substantial con- 
tacts. whenever the frequency departs from normal. 
Such frequency control systems are at present not used 
to any extent, but frequency meters capable of perform- 
ing the necessary function of closing contacts are avail- 
able. , 

A meter of this type uses an inductance bridge type 
of circuit as shown in Fig. 4. Two of the arms of the 
bridge consist of non-inductive resistances together with 
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mica condenser units. One of these latter arms contains 
a non-inductive resistance in parallel with a mica con- 
denser, and the outer arm contains a non-inductive re- 
sistance in series with a mica condenser. The balance 
point of such a bridge is extremely sensitive to changes 
in frequency, therefore the circuit makes possible a 
sensitive frequency measuring instrument. In Fig. 5 
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FIG. 5. CHART FROM A MODERN FREQUENCY RECORDER 


is a short record of the frequency of an alternator 
made by a recorder of this type. It is interesting to 
note that over a period of 8 hr. the frequency did not 
vary over 0.2 of a cycle on either side of normal. 


Load, Power Factor and 
Temperature Control 


EconomicaL LOADING OF ELEcTRIC GENER- 
ATORS DEMANDS CONSIDERATION OF INDI- 
VIDUAL AND GROUPED EFFICIENCIES OF UNITs. 
Errect oF Power Factor Is Important 


ENERATORS INTENDED for parallel operation 

should have similar characteristics in order to be 
capable of dividing the load between them in accord- 
ance with the respective ratings of the units. The 
actual method of load control is dependent upon whether 
we are considering alternating or direct current gen- 
erators. 

With direct current machines, the load carried by a 
particular unit operating in parallel with others is a 
function of the field strength. In placing a direct cur- 
rent generator on the line for instance, the voltage of 
the incoming machine is adjusted, by means of the field 
rheostat to the same value as that of the bus bars. 
Under these conditions when the switch is closed, the 
incoming generator will not take any load, since the 
induced voltage is just equal to the bus bar voltage and 
no current will flow between points at the same poten- 
tial. In order to make this machine carry load, the 
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voltage must be raised so that it will be greater than 
that of the bus bars and this is accomplished by 
strengthening the field current by manipulation of the 
field rheostat. 

Load control on a d.c. generator, therefore, is accom- 
plished by adjustment of the field rheostat; if the load 
carried by a machine is to be increased, the field is 
strengthened, if it is to be decreased, the field current 
is reduced. The speed of the prime mover affects the 
division of load only to the extent that it affects the 
load voltage curve of the generator. 

In the parallel operation of alternating current gen- 
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FIG. 1. SPEED LOAD CHAR- 

ACTERISTICS OF TWO AL- 

TERNATORS OPERATING IN 
PARALLEL 


erators, the load voltage characteristics of the machines 
have practically no effect on the division of kilowatt 
load between machines. With alternators the division 
of load is controlled almost entirely by the speed load 
curves of the prime movers. In order that machines 
may operate satisfactorily in parallel, it is necessary 
that the prime movers have dropping speed load char- 
acteristics. 

To illustrate the principles involved in the division 
of load between alternators operating in parallel, con- 
sider the speed load characteristics of two machines 
shown in Fig. 1. Instead of speed, electrical speed 
or frequency has been plotted against load. Both ma- 
chines have drooping speed load characteristics. which, 
however, do not coincide. These speed load character- 
istics are determined usually by the prime mover 
governors. 

At the frequency o-a which in this case will be re- 
garded as the system frequency, the two machines, A 
and B, earry loads o-b and o-c respectively. If these 
were direct current generators, to make both machines 
carry the same load, it would merely be necessary to 
strengthen the field current of A, at the same time 
weakening the field current of B so that the line voltage 
remained the same. With alternators the case is not 
so simple for here frequency must be taken into account. 
Machine A ean only supply load o-b at the frequency 
o-a. It cannot take more load without changing the 
frequency and the frequency cannot be changed because 
both machines must always operate at the same fre- 
quency. From this it must be obvious that the load 
delivered by the generator when operating in parallel 
with other machines, cannot be altered by means of the 
field rheostat or any other means of controlling field 
current. 
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To change the load on either machine it is necessary 
to vary the speed load characteristic of its prime mover. 
In engine or turbine driven units this is accomplished 
by changing the tension on the governor spring or 
otherwise varying its action. Referring again to Fig. 
1, the governor spring of generator A is so adjusted 
that its characteristic is raised to the position shown in 
Fig. 2. In this case, the frequency o-a is higher than 
the original frequency o-a and if the original frequency 
is to be maintained, the speed load characteristic of 
machine B must be lowered while that of A is being 
raised. 

Power Factor, PROPER PERFORMANCE AND CONTROL 


It has been stated that an adjustment of the field 
strength of an alternator can have no effect upon the 
division of power load. It does, however, have an 
effect upon the kv.a. load and the power factor. The 
power factor, like the load of an alternator is, of course, 
fixed by the receiving circuit but the power factor of 
any single generator may be adjusted arbitrarily at 
the expense of the other generators. To illustrate this 
action, consider two alternators, A and B, delivering 
equal power and equal currents Ia and Ig to a load 
which has unity power factor. The vector representa- 
tion of this condition is shown in Fig. 3-A, the currents 
it will be seen are equal and in phase with V. 
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FIG. 3. EFFECT OF CHANGING FIELD EXCITATION OF ALTER- 
NATORS OPERATING IN PARALLEL 


Suppose now that the field of generator A is 
strengthened and’ that of B simultaneously weakened 
so that the voltage of the system does not change. 
Wattmeters measuring the output of the two alternators 
would not indicate an appreciable change in the output 


of the machines. Ammeters connected in this same cir- 
cuit, however, will show a marked increase in current 
from both generators. Since the main load current has 
undergone no change, this increase in current from each 
generator is obviously due to a change in power factor, 
and if power factor indicators are provided, it will be 
seen that in machine A, the power factor has decreased 
from unity and now lags while in machine B it has also 
decreased from unity but in the opposite direction, and 
leads by the same amount that the current in A lags. 
These conditions are depicted graphically in Fig. 3-B. 
Since the current in each alternator has increased 
but the external power delivered has remained the same, 
the internal losses in the alternators have increased be- 
cause of the increased phase displacement between cur- 
rent and em.f. This phase displacement manifests 
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itself as a cross current between the generators, the 
intensity of which depends only upon the difference in 
field intensity of the two generators. 

In practice, the proper field current for an alternator 
running in parallel with others is that which it would 
have if running above and delivering its load at the 
same load. To determine the proper rheostat settings 
it is necessary to make trial adjustments after the alter- 
nators are paralleled until a position is found at which 
the sum of the ammeter readings is a minimum. 

In making these adjustments it is sometimes diffi- 
cult to find the exact point at which no cross currents 
will flow. That is, it may be possible to move the rheo- 
stats over a considerable range when the correct position 
is approached. Usually, when this condition is reached, 
the adjustment is close enough for practical operation. 
If the generators are provided with power factor indi- 
eators, the correct rheostat settings may be found by 
adjusting them until all the power factor indicators 
read the same. 

Loap Factor 


A study of the efficiency load characteristics of 
alternating current generators will show that as the load 
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FIG. 4, EFFICIENCY CURVES OF A 62,500-KW. A.C. GENERATOR 


on an alternator varies from full rated capacity, the effi- 
ciency decreases. Figure 4 gives the efficiency curves at 
various power factors based on an actual test of a 62,500- 
kv.a., 13,800-v. turbo-alternator. The highest efficiency 
at unity power factor, it will be noted, occurs slightly 
above full load. At half load, the efficiency is 96.5 per 
cent, while at quarter load it is slightly over 93 per cent. 
While an efficiency of 93 per cent, at quarter load, is a 
remarkable achievement in electrical design, the differ- 
ence in power lost between 93 per cent at quarter load 
and slightly under 98 per cent at full load, when deal- 
ing with quantities of 15,000 kw., is sufficient to make 
operation at anything below half load undesirable. This 
brings us to a consideration of the most economical 
loading of units in stations where a number of units are 
installed. 

In considering this phase of power plant perform- 
ance, the characteristics not only of the generator but 
of the turbine as well must be taken into account. In 
stations where new as well as older and less efficient 
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turbo-generator units are installed, one’s first thought 
is that the new and more economical units must be op- 
erated at their full load point. Such operation may, 
however, be extremely inefficient, because of the pecu- 
liar water rate characteristics of the turbine driving the 
unit. 

Analysis of most station loadings will show that the 
large, most efficient units of a power station should 
always be operated with their overload valves closed, 
unless by their overloading, the other units need not 
be started nor kept in service at low loads. Such units 
may be several times more efficient than the smaller 
units and first thought may suggest that they carry all 
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FIG. 5. LOAD DIVISION AMONG TURBO-GENERATOR UNITS 


load possible. M. K. Drewry*, however, has shown that 
this assumption is erroneous. He cites as an example 
an installation of two 30,000-kw. units and two 20,000- 
kw. units carrying loads from 35,000 to 100,000 kw. To 
exaggerate conditions, the efficiencies of the two 20,000- 
kw. machines are assumed to be 7 per cent poorer than 
those of the 30,000-kw. units. 

Regardless of the exaggerated efficiency difference, 
the curves, Fig. 5 show that curtailing the output of a 
30,000-kw. unit to its most economical load of 26,000 kw. 
when the station is carrying 40,000 kw. gives about 21%4 
per cent greater efficiency than allowing it to carry full 
load (4000 kw. more) because of its individually greater 
efficiency. Likewise, at 45,000 kw. a gain exists, though 
only of 1 per cent since the 20,000-kw. unit must be 
loaded above its most economical load to allow the maxi- 
mum number of kw-hr. to be generated at minimum 
cost on the 30,000-kw. unit. At 50,000-kw. station load, 
however, the large unit must be overloaded in preference 
to starting a third machine for the throttling losses of 
three units at that load are about 34 greater than those 
of two machines even though both of the latter lose two 
per cent in throttling through their overload valves. At 
65,000 kw., again is stressed the importance of not ex- 
ceeding the most economical loads of the large units, 
but at 75,000 kw. division of load makes little difference 
in plant economy from a loading aspect. Continuing 
upward to the plant capacity of 100,000 kw., another 
eycle of loading is passed with similar though less exag- 
gerated results. 

Neglecting variation of vacuum with turbine load 
and other minor influences which must be studied for 
each installation, it may be stated as a cardinal loading 
rule that all large, most economical units must always be 
kept at their most economical loads unless overloading 
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them can eliminate the operation of another unit at an 
extremely low load. 

Unless aided by an arrangement to render the over- 
load valve gear of the most economical units inactive, 
the accurate retention of most economical loads on these 
units is difficult. To disconnect the overload valve gear- 
ing for economical loading but still to allow the operator 
to rapidly put the gearing into active service, a variable 
linkage piece has been found successful. Differential 
threading of a hand wheel screw allows the link to be 
changed in length, thus rendering the overload cam 
powerless in lifting the overload valve. Once the most 
economical load is assumed the unit may be placed ‘‘on 
the throttle,’’ its governor acting no more than an over- 
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A MULTI-ELEMENT TEMPERATURE 
RECORDER 


speed stop in case the load suddenly drops a considerable 
amount. 

From this it will be seen that the relation of load 
to economy is determined more by the prime mover 
characteristics than the generator characteristics, al- 
though the generator characteristics cannot be disre- 
garded. It is obvious that the generator and prime 
mover characteristics must coincide and in practice this 
is usually the case. 

The capacity of an electric generator is the load it 
will carry without failure due to mechanical, electrical 
or thermal limitations. With modern machines, the tem- 
perature is the limiting condition and the rating is based 
upon the temperature under which the insulation will 
_ stand up continuously. There is no economic advantage 
in operating a machine at a low temperature. The 
standard A. I. E. E. ambient temperature is 40 deg. 
and the limiting temperature recommended with built 
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up mica and asbestos insulation is 125 deg. C., or a rise 
of 85 deg. over the temperature of the surrounding air. 

While the actual load is the primary cause of the 
heating of the generator, the actual temperature rise 
is greatly affected by the load cycle, the condition of the 
cooling air and of the air ducts, the balance and the 
power factor of the load, and upon the dielectric losses 
in the insulation. With all these factors entering in, 
it is obviously not safe practice to attempt to use the 
wattmeter or ammeter indication of the load as a means 
for holding a machine at the maximum safe output. 
Obviously, the best way of knowing actual temperatures 
that limit the safe maximum loads is to measure those 
temperatures directly. 

Measurement of temperatures in generators in ordi- 
nary operating practice is accomplished with the aid of 
either of two classes of instruments, thermo-couples or 
resistance element detectors. Ordinary mercurial or 
alcohol thermometers can be used, but their use is 
limited and inconvenient. . 

Whether thermo-couples or resistance element tem- 
perature detectors are used is immaterial so far as the 
mechanical features of the measuring instruments are 
concerned. Both types may be had both as recording 
and indicating instruments. The recorders or indicators 
may be placed on panels or switchboards remote from 
the machine wherever the operators find it most con- 
venient. 

Recorders are made in different forms, some present- 
ing a continuous line pen and ink record of the tem- 
perature of one detector; others present an intermittent 
printed record of the temperatures of a number of de- 
tectors mounted at different points in the same machine. 
In the latter case, the record of each detector consists 
of a series of dots with the number assigned to that 
detector alongside. <A record of this type is shown in 
Fig. 6. 

A recording instrument is much to be desired, not 
only because the chart produced by a recorder is of 
permanent value to managing officials, giving a history 
of what has occurred, but also because a glance at the 
chart tells the operator the direction and rate of change 
of temperature at any time. If the chart shows that the 
machine is heating rapidly, action is likely to be neces- 
sary some time before the limiting temperature is 
reached. On the other hand, if stable conditions exist 
the operator is justified in holding the temperature close 
to the limit. 

Recorders of this kind also relieve the switchboard 
operators of considerable routine work in taking read- 
ings. To prevent the temperature from rising too high 
without the operator being aware of it, recorders are 
usually fitted with an alarm attachment which will give 
warning at any predetermined temperature. 

Thermo-couples and resistance element temperature 
detectors are, of course, built into the generator wind- 
ings at the time of manufacture. Where such devices 
are not provided, other means for determining tempera- 
ture must be used and, in this case, ordinary thermom- 
eters may be mounted in close contact with various parts 
of the winding. In reading thermometers applied in 
this manner, it is necessary to make allowance for the 
fact that the reading shown is not necessarily the hottest 
part of the machine. 
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Electric Distribution Systems 


TYPES AND VOLTAGE OF Primary Systems. DISTRIBUTION FEEDER 


Layouts, REGULATION, RURAL 


N THE FOLLOWING discussion on electric distribu- 

tion systems the fundamental elements are presented 
in a rather general manner with the object in view of 
outlining the problems which face the distribution engi- 
neer. The distribution system is only one link in the 
electric power system which may be divided into gen- 
erating station, transmission system, substations for re- 
ducing the voltage to the distribution voltage and the 
distribution system for distributing the energy from the 
substation to the individual customer, which as a rule 
also involves the stepping-down of the voltage to the 
utilization voltage. In Fig. 1 is shown a somewhat 
typical layout of an electric power system. 

System interconnection where a system in one local: 
ity is tied in with systems located at some other more 
or less remote point through transmission lines operat- 
ing at voltages usually higher than the transmission 
voltage within a particular system, has grown to the 
point where most systems are so linked to a greater or 
lesser extent. With such interconnection it usually is 
necessary to provide a step-down terminal substation 
to reduce the voltage of interconnection to the trans- 
mission voltage within a local system. 

The various links in the electric power system from 
the generating stations to the individual customers may 
be subject to some variation in extent and importance. 
In very small systems where the area included is quite 
small and the load is light and no interconnection is 
maintained with the adjacent systems, the generation of 
energy may be at distribution voltage. This would 
result in having no transmission system or substations; 
however, with the increasing amount of interconnection 
and with the increase in the rural distribution systems, 
the tendency is to eliminate the small generating sta- 
tions in the smaller cities and towns, the energy being 
supplied by larger and more economical generating sta- 
tions and the load of a number of small localities fed 
by a single large generating station through inter-con- 
necting transmission lines. 

Reliability is one of the most important considera- 
tions and the guiding rule for obtaining it is to install 
sufficient excess capacity so that the load can be carried 
with the largest element out of service. This applies 
to all parts of the system from the generators to the 
distribution feeders. In the transmission system to each 
substation one more line or cable is usually installed so 
that the load may be carried in case one of the lines or 
cables fail. This procedure is usually followed through 
the substation with the installation of spare transformers 
and through the distribution system by maintaining a 
margin of spare capacity in the outgoing feeders so that 
in ease one feeder is out of service ,the load fed by that 
feeder can be cut over to adjacent feeders with a short 
interruption to service. The second major problem to 
be considered in designing an electric system is economy. 
Undoubtedly, the desirable reliability may be obtained 
by various methods, the economical problem being the 
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obtaining of the desired degree of reliability to service 
at a minimum cost. In planning an electric system the 
growth of load must be taken into consideration in con- 
sidering the economical layout in that it is quite possible 
that the economical design of system for existing loads 
may not be the economical system with the higher load 
densities that may exist in the future. 

In most cities of average load density, it has been 
found necessary to have a lower distribution voltage 
than that used for transmission. This is due to the 
fact that the problem of transmission is to transmit a 
certain amount of energy from the generating station 
to a substation. In the case of distribution systems, the 
problem is to distribute a certain amount of energy, 
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TYPICAL SCHEMATIC LAYOUT OF AN ELECTRIC 
DISTRIBUTION SYSTEM 


Fig. 1. 


namely, the load of the substation, to a great number 
of individual customers, each having a very small load. 
If the distribution voltage were the same as the trans- 
mission voltage, the cost of distribution transformers, 
junction boxes, fuses and oil switches on the distribution 
system would be considerably higher. Therefore, it has 
been found economical in most cases to go to the expense 
of installing substations for stepping-down the trans- 
mission voltage to a distribution voltage. 

TYPES AND VOLTAGE OF Primary DISTRIBUTION SYSTEMS 

The distribution system consists of a number of 
feeders installed from the substations to the center of 
the various areas called ‘‘feeder areas’’ operating at 
distribution voltage. The point where the feeder termi- 
nates is termed the ‘‘feeder point’’ from which point the 
taps radiate in various directions. Step-down distribu- 
tion transformers are connected to these taps or primary 
mains for reducing the voltage to the utilization voltage 
at customer’s premises. One distribution transformer 
may feed a number of customers, the customers being 
supplied from the secondary mains. 

The primary system is, as a rule, a 3-phase system 
even though a considerable portion of the load may be 
single-phase. Some cities use a 2-phase system. A re- 
cent survey of distribution systems throughout the coun- 
try shows that there are three general types; the 3-phase 
delta system operating at approximately 2300 v., the 
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4000-v. system either of the 3-phase, 4-wire type, or a 
delta system, and systems operating at higher voltages, 
ranging from 6600 to 13,200 v. As a rule, the 2300-v. 
delta system is used in smaller towns and cities where 
the load densities are relatively light. Larger cities, 
having higher load densities, operate their primary dis- 
tribution systems at approximately 4000 v. As a rule, 
these systems are 3-phase, 4-wire, by virtue of the fact 
that the original system was 2300-v. delta. By changing 
over to a 4000-v., 3-phase, 4-wire system, the capacity 
of the lower voltage system could then be increased 
without changing distribution transformers and a con- 
siderable amount of other equipment on the distribution 
system. In the higher voltage systems, that is, those 
ranging from 6600 to 13,200-v., the cost of the auxiliary 
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equipment required at each transformer installation, 
such as lightning arresters, fuses, etc., is considerably 
higher than the cost of similar equipment for the 4000-v. 
transformers. As this cost of auxiliary equipment is 
more or less fixed, irrespective of transformer size, it is 
usually a large proportion of the cost of transformer 
installation where transformers of moderate capacity are 
used. Thus the higher voltages become uneconomical 
for average load densities. They become economical only 
where load densities are so high that extremely large 
distribution transformers are required, or in rural dis- 
tricts where it is desired to cover large areas with few 
customers per mile and the cost of transformer installa- 
tions is not a ruling factor. 

The 4000-v. system possesses numerous advantages 
over the 2300-v. system in that with but a slight increase 
. in cost, much greater loads can be carried, longer dis- 
tances covered and distribution losses reduced. The 
delta system has the advantage that it is more nearly 
immuned from tree trouble and that such a system will 
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permit the open delta operation on transformer banks 
in the case of the failure of one transformer in a 3-phase 
bank. The star system with a grounded neutral has the 
advantage that the lower voltage distribution transform- 
ers may be used, which is quite an important advantage 
when a 2300-v. system is changed over to 4000 v. By 
the use of the grounded neutral, less protective equip- 
ment is required for transformer installation in that 
only one lightning arrester and one fuse are required. 


DistTRIBUTION FrEpER Layout 

In more or less uniformly built up districts, the terri- 
tory to be fed by any substation is divided into a number 
of contiguous feeder areas, each one of these areas being 
fed by a single feeder. The most common type of dis- 
tribution system is a so-called ‘‘radial system’’ where 
feeders are installed from the substation to the center 
of the feeder area fed by each individual feeder. By 
virtue of the fact that the utilization voltage is usually 
either 115 or 230 v., the area fed by a single secondary 
is usually quite restrictive, being not over one to two 
city blocks. This will require a number of more or less 
small distribution transformers within a feeder’ area. 
In order to feed the distribution transformers, branch 
primary mains must be installed in all directions from 
a feeder point. This results in a network of primary 
mains covering the entire feeder area, requiring a num- 
ber of junction points where a main is tapped so that 
the main may extend in several directions. If this were 
accomplished by splices, it would cause the entire pri- 
mary system within a feeder area to be solidly tied 
together so that in the case of the failure of one part 
of the system, the entire feeder area would be out of 
service until the trouble was repaired. 

In order to provide flexibility, junction boxes, oil 
switches or fuse cutouts are used at these points. A 
junction box is simply an arrangement of bus bars and 
taps through disconnecting links, all of which is in- 
stalled in an oil filled metal box suitable for manhole in- 
stallation. The various primary mains can be terminated 
in the box so that if it is necessary to sectionalize the 
primary mains at that point the desired sectionalization 
can readily be effected by removing the cover and pull- 
ing the necessary links. Oil switches may be used in 
place of junction boxes at strategic points where it is 
known that the feeder will have to be sectionalized under 
load. Figure 2 shows a schematic diagram of a feeder 
area using junction boxes at each intersection of pri- 
mary mains. 

Where the primary mains are tapped to feed a trans- 
former, it is frequently deemed unnecessary to install 
a primary junction box at each tap point since the 
primary of the transformer is usually fused and the 
transformer can be taken out of service by opening the 
fused cutout. Although the ideal system would provide 
automatic sectionalizing of the various parts of the 
feeder area in order to isolate a defective branch of the 
primary system, it is practically the universal custom 
not to sectionalize automatically by reason of the fact 
that automatic oil circuit breakers are quite expensive 
and dependence upon selective fusing is at best uncer- 
tain and unreliable. 

Because of the fact that in built up districts, service 
will be required on each street, the secondary system 
will be practically a continuous network over the entire 
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feeder area. This does not mean, however, that it will 
be a solidly tied in network. The customary practice is 
to install secondary junction boxes at intersections so 
that in the event of a transformer failure, the secondary 
system fed by that transformer can be separated and 
parts of it tied onto the secondary systems of adjacent 
transformers. Customers’ services will be tapped from 
the secondary system at several points along the block. 
This may be done by splicing the customer’s cable 
directly into the secondary cable; however, while this 
has the advantage of cost it has the disadvantage of 
being inflexible, making it impossible to add additional 
customers without securing an outage to service unless 
single conductor cable is used. A more flexible arrange- 
ment results and one which makes it possible to take 
care of a greater number of customers when a service 
junction box is used. These junction boxes may be 
made and installed at a low cost and their use is thought 
to be justified. Figure 3 shows a schematic diagram of 
a small section of the secondary system as an illustra- 
tion of the method of procedure. 

The above discussion is based principally upon a 
system that is entirely underground. When actual in- 
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stallations of underground systems are examined, it will 
be found that there is a considerable departure from the 
schematic diagrams used in illustrating the problems of 
distribution system layout. 

A distribution feeder may be all or partially over- 
head. Frequently, that part of the feeder from the sub- 
station to the feeder point may be underground, while 
the remainder of the feeder, such as the primary mains, 
the distribution transformers and secondaries. may be 
overhead. On the overhead portion of the system, junc- 
tion boxes are not used because connections may be 
readily broken in the overhead system. Overhead oil 
switches installed on the crossarms are frequently used 
where interconnection is made with adjacent feeders. In 
most cases of radial systems the primary mains, whether 
underground or overhead, are installed so as to reach 
adjacent feeders so that any part of the feeder may be 
isolated from its feeder point and connected onto the 
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mains of an adjacent feeder. Thus in the case of the 
failure of the main feeder cable between the substation 
and the feeder point, the primary mains may be section- 
alized and cut over to adjacent feeders with only a 
short interruption to service. Another procedure is to 
have an entire primary system underground and the 
distribution transformers and secondaries installed over- 
head. 
REGULATION 

Induction feeder regulators are usually installed on 
each individual feeder because much of the load is 
usually single-phase. Single-phase regulators are more 
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or less customary so that each phase may be regulated 
independently. By means of substation regulators the 
voltage at the feeder point can be maintained constant 
by correcting the drop from the substation to the feeder 
point, Since some transformers are tapped onto the 
mains close to the feeder point and since all transform- 
ers are not equally loaded the drop from the feeder 
point to the customers cannot be entirely compensated 
for by substation regulators. This means that the pri- 
mary and secondary mains must be made sufficiently 
large to permit good voltage regulation at the customer’s 
premises. 

The spacing of the distribution transformers will 
have some influence on the voltage drop and upon the 
size of the secondary mains. The larger the transformer 
units the lower will be the cost per kw. of transformer 
capacity and the lower will be their losses; however, 
with a given load density, the larger the distribution 
transformers the longer the secondaries will be, result- 
ing in increased line losses or increased cost of secondary 
conductors. In any case an economic balance can be 
reached which will determine the economic size of trans- 
formers and the economic length of the secondary. 


OtHEeR TYPES OF DISTRIBUTION SYSTEMS 


Although the radial system of distribution is prob- 
ably the most widely used throughout this country, there 
are other types that are growing in favor in certain 
localities. One such system is the looped feeder system, 
which is shown schematically in Fig. 4. Within the 
feeder area, the design of the looped feeder system is 
similar to the radial system, the principal difference 
being that each feeder has two sources of supply, either 
from different buses in the same substation or from two 
adjacent substations. The looped system has the ad- 
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vantage that the reliability can be increased and at the 
same time, the substation costs can be reduced in that 
the reliability is obtained by installing more primary 
feeder cable so that each feeder has two sources of sup- 
ply. This will result in a simplified bus structure in the 
substation in that the complication needed to insure a 
reliable feed to each outgoing feeder becomes less essen- 
tial than in the radial system. 

Another system that is becoming increasingly popu- 
lar in districts in which the load density is high is the 
a.c. low voltage network. In the network, the secondary 
mains are tied solidly together paralleling the secondaries 
of the distribution transformers. This makes it neces- 
sary that the load density be sufficiently high to warrant 
the installation of transformers having a capacity suffi- 
ciently great to burn clear faults in the secondary sys- 
tem. To meet the need of some device which will auto- 
matically disconnect the secondary of the transformers 
from the network in the event of a transformer failure 
or a fault in the primary feeder to which the transformer 
is connected, the network protector has been developed, 
which consists of automatic circuit breakers and neces- 
sary relays enclosed in a water-tight box for manhole 
installation. 
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In the network system, the primary feeders are so 
interspersed that any one feeder may be taken out of 
service without jeopardizing the load fed by the network. 
By reason of this fact, primary junction boxes may be 
practically eliminated from a network system. 

One of the problems that has developed by the de- 
velopment of the network system is to design a sec- 
ondary system that may be used for supplying both 
lighting and power loads. The 3-phase, 4-wire system, 
operating at 120/208 v. or 115/200 v., is quite popular. 
The 2-phase, 5-wire system is being used by several 
companies which already had 2-phase service. 

In rural districts the problem is to cover large areas 
having lighting loads at a few customers per mile. . The 
distribution system usually takes the form of a primary 
line running along the main road with a few taps cover- 
ing side roads. Where customers are connected, an in- 
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dividual transformer may be installed for feeding that 
customer alone, or if a group of customers are located in 
a single locality, one transformer may be used and a 
short section of secondary installed. 

Frequently by virtue of the fact that it is necessary 
to cover long distances with rural lines and to the small 
number of customers per mile, higher voltages are used 
than in city distribution systems. These voltages may 
range from 6600 to 15,000 v. A system has been devel- 
oped by one company in rural districts whereby 4000 v. 
for primary distribution is maintained and at the same 
time long distances covered by using higher voltage 
feeders with small pole type transformer and regulator 
substations. The higher voltage feeders may be obtained 
from substations stepping-down from high-tension trans- 
mission lines operating at 66,000 v. or higher. Figure 6 
shows a schematic diagram illustrating this type of sys- 
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FIG. 6. TYPE OF RURAL SYSTEM USED 
tem. This system illustrates the principle that each 
voltage has a definite limiting distance. High tension 
transmission lines cannot be tapped too frequently by 
reason of the fact that the cost of tapping these lines is 
high due to the cost of high tension oil circuit breakers 
and the cost of transformer equipment. 


ANNOUNCEMENT IS MADE by the Engineering. Foun- 
dation that, as a war memorial to the American en- 
gineers who served overseas during the World War, the 
clock and carillon of bells for the tower of the new 
library building at the University of Louvain will be 
donated by the American Societies of Civil, Mining and 
Metallurgical, Mechanical and Electrical Engineers. 
With the exception of the clock and carillon, funds for 
this new building have been entirely provided by gifts 
from about one million Americans. The new library, 
of which Whitney Warren of New York is architect, 
will be dedicated next May or June. Contributions 
toward the fund for this memorial may be sent to the 
Committee on War Memorial to American Engineers, 
not later than February 1, 1928, at 29 W. 39th St., 
New York City. Complete information concerning the 
memorial can be obtained from this Committee or from 
Alfred D. Flinn, Director, Engineering Foundation, 
same address. 


DurineG the last 8 yr., household consumption of 
electrical energy has increased 133 per cent as against 
98 per cent increase for industrial use. 
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Trends of Power Equipment Indicate Progress 


FurTHER REDUCTION OF Power Costs Must BE THE RESULT OF SMALL 


ECONOMIES AND REDUCTION OF INVESTMENT. 


ROGRESS DURING the years 1926 and 1927 have 

marked the ultimate in realization of big gains in 
the efficiency of power plants. Coal savings due to ad- 
vances in steam pressure and temperature can be in- 
creased but little by further advances above those of a 
few of our pioneer high pressure and high temperature 
plants. Further reduction in the unit cost of electrical 
energy generated by the steam cycle must be the result 
of painstaking addition of small economies and careful 
attention through reduction of capital charges. Use of 
binary vapor cycles is not yet an important considera- 
tion for the near future. 

Employment of 1400-lb. steam pressure and 750- 
degree temperature represents the ultimate development 
for some years to come. Analysis of cycles employing 
the critical pressure, 3400 lb., show scarcely any gains 
above the 1400-lb. pressure cycle. With present steam 
temperatures of 750 degrees metal temperatures in the 
heating equipment reach 900 degrees, which is decisively 
the maximum temperature at which ordinary metal may 
be safely used at usual power plant stresses. Investiga- 
tions of the long-time tensile strength of metals at high 
temperatures are notoriously in disagreement, but one is 
quite safe in averaging all of the investigations and 
making the positive conclusion that 900-degree metal 
temperature must not be exceeded with present materials 
and stresses. One can prescribe special metals suitable 
for higher temperature work, but at their present prices 
he cannot justify them except under very unusual con- 
ditions. 

Actual operating experience with 1400-lb. steam pres- 
sure shows that there are practical gains in increasing 
the pressure as well as the other theoretical gains shown 
by steam table calculations. Greater density of 1400-lb. 
steam results in better boiler performance, and higher 
ratings with the same size drums are truly justified. 
Fourteen hundred-pound steam bubbles are only one- 
fourth the size of 300-lb. ones, and actual experience 
with water level maintenance shows almost unbelievable 
steadiness in 1400-lb. boiler drums under much the same 
conditions where extreme fluctuation troubles occur at 
lower pressures in about the same type of boiler. Be- 
cause of this effect, smaller drums or higher ratings are 
justified, and the cost of 1400-lb. boilers loses some of 
its magnitude for that reason. : 

Though many writers have questioned the accuracy 
of steam tables at higher pressures and temperatures 
and have almost given the reading public the fear that 
expected high pressure gains might not be realized be- 
cause of poor estimates, we can conclude that physicists 
have given us the information with an accuracy com- 
parable to that of power plant testing. Outputs of high 
pressure turbines have measured fully up to expecta- 
tions and the economy of high pressures has, therefore, 
been definitely established. 

As stated previously, further gains in power genera- 
tion cost reductions must result from cumulative small 
gains, and because of the recent close approach of sev- 
eral of our larger stations to the theoretical maximum 
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economies there is little to be expected in an economy 
way in new stations that are operated properly. How- 
ever, many recently-built stations still continue to lag 
considerably below their calculated efficiencies and in 
these cases considerable improvement can be made in 
economies by better operation. In new, well-operated 
stations greatest savings in power production cost can 
be made by employing less expensive designs. Great 
savings in building space are still possible and choice 
of the proper type of equipment can net great econo- 
mies in capital charges. 

Since an advance in pressures and temperatures has 
little promise of reducing power costs, low temperature 
carbonization of power station coal is particularly of 
interest at this time. With low priced coal, sale of by- 
products will net a surprisingly large percentage reduc- 
tion in coal cost to the station, and developments in the 
field are being watched with much concern. 

Pulverized fuel is now the standard in new stations, 
and though some people have been misled by a desire 
to install supposedly simple, direct-fired systems, the 
future will show continued support of the bin and feeder 
system, which can be made practically identical in in- 
stallation simplicity to that of the direct-fired system 
if desired. More compact grouping of equipment, the 
use of smaller storage bins, the practice of 24-hour prep- 
aration of coal, and the efficient employment of part 
mill drying and part green coal drying will give com- 
parable installation features and greater efficiencies. 

Lower furnace temperatures obtained by greater use 
of radiant heat absorbent surface in the furnace are de- 
sirable from all aspects. Many writers have spoken about 
the maintenance economy of water-cooled walls yet these 
Savings are not so apparent when one must replace 
failed tubes due to excessively high furnace tempera- 
tures. Heat transfer rates vary with the fourth power 
of furnace temperatures, and because of the small 
amount of heating surface in the furnace, some of the 
present installed water-cooled walls must absorb enor- 
mous amounts of heat, with ultimate failure as the goal. 

Evaporators have been pointed out as the means by 
which high pressure cycles are possible, but experiences 
show that many plants have gone from scaling troubles 
in the lower pressure systems to corrosion trouble in 
their higher pressure systems. It is significant that 
these very severe troubles occur in stations where evap- 
orated makeup is employed. Application of all the best 
means of preventing corrosion will be found necessary 
by all stations employing high pressures and tempera- 
tures. A 1400-lb. boiler, whose water was tested re- 
cently in a thorough laboratory investigation, has been 
found to react satisfactorily to the principles of scale 
and corrosion prevention, and there need be no fear that 
the slightly higher stresses employed at higher pressures 
will make maintenance difficult. 

In conclusion one can state with certainty that ad- 
vancement in the industry will be characterized with 
continued adoption of established high steam pressures 
and temperatures and by smaller improvements in de- 
sign and operating economies of stations already using 
improved cycles. 
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Problems Discussed by Mechanical Engineers 


A. S. M. E. at 48TH ANNUAL MEETING HELD IN NEw YorkK DECEMBER 
5 To 9 Hap Sessions ON FuELS, CENTRAL Station Power, Borer FEep- 
WATER AND OTHER Topics OF INTEREST TO PowER PLANT ENGINEERS 


MONG THE outstanding actions of the meeting of 

the American Society of Mechanical Engineers 
held in New York City, December 5 to 9, was the elec- 
tion to its presidency of Alex Dow, president of the 
Detroit Edison Co. Mr. Dow was born in Glasgow, 
Scotland, April 12, 1862, and since coming to America 
in 1882 has been associated with public utilities, includ- 
ing railroads. As president of the society, he succeeds 
Charles M. Schwab, who retired from office at the close 
of the annual meeting. John H. Lawrence of New 


York, E. A. Muller of Cincinnati, Newell Sanders of 
Chattanooga and Paul Wright of Birmingham were 
elected vice-presidents of the society, and W. A. Hanley 
of Indianapolis, J. B. MeMillan of New York and F. H. 
Dorner of Milwaukee as managers. Leon P. Alford, 





ALEX DOW, PRESIDENT OF THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 


Editor of Manufacturing Industries, received the Mel- 
ville medal, which was awarded for the first time, for 
his paper on ‘‘Laws of Management.’’ 


INDUSTRIAL POWER SESSION 


The first session of interest to power plant men was 
that dealing with industrial power on Tuesday morning. 
The two papers presented here were ‘‘The Ruths Steam 
Accumulator,’’ delivered by R. A. Langworthy, vice- 
president and general manager of Ruths Accumulator 
Co., and ‘‘Stresses and Reactions in Expansion Pipe 
Bends’’ by A. M. Wahl, of the Research Laboratory of 
the Westinghouse Electric & Manufacturing Co. 

Mr. Langworthy’s paper explained how the principle 
of heat storage in hot water under pressure can be ap- 
plied in many industries. He presented the funda- 
mental theory of the steam accumulator which embodies 


this principle and showed how it may be used to reduce 
fluctuations of boiler load and reduce the production 
cost of steam in industries where heat and power 
demands vary to wide limits. He concluded his paper 
with the statement that the Ruths steam accumulator 
is more than a piece of power plant equipment; it is 
an economic influence, the application of which assists 
the manufacturer in cutting costs and speeding pro- 
duction to meet the keenest competition. 

Adding an accumulator, according to H. G. Thiel- 
scher, should be compared to adding boilers. Sudden 
swings can, he believes, be handled with pulverized 
fuel. Accumulators have a field in the hydro-electric 
system where steam power plants are used as standby. 
The accumulator, in his opinion, is essentially a peak 
load device and peak time must be extremely short for 
good results. 

Mr. Wahl stated in his paper that because of the 
present day trend toward higher steam pressures and 
temperatures with corresponding increase in the ex- 
pansions to be provided for in pipe lines, the problem of 
taking up these expansions becomes increasingly im- 
portant. On account of their efficiency, expansion pipe 
bends have in recent years come into wide use for this 
duty. In his paper he outlined methods for the deter- 
mination of stresses and reactions in pipe bends in 
accordance with the exact theory which takes into ac- 
count pipe cross section distortions. Formulas for 
various pipe bends were given and the computation of 
maximum stresses and shearing stresses in accordance 
with the exact theory was facilitated by means of curves 
which were presented in the paper. The author illus- 
trated the application of the theory to practical cases 
and came to the conclusion that the methods for the 
calculation of stresses and reactions in pipe bends which 
have been outlined have been shown to give results in 
close agreement with the experimental results available 
to date. 

In the discussion of this paper, S. S. Sanford stated 
that since 1922 considerable work has been done to de- 
termine the factors entering into this problem. The 
formulas presented in his paper at that time have been 
found unsuitable because they did not take into account 
the restraining effect of the piping on either side of the 
bends. He cited analyses made by Professor Van den 
Broek at the Detroit Edison Co. plant which are in 
agreement with the paper presented by Mr. Wahl. 
Mathematical analysis, he thought, becomes involved 
when applied to simple piping layout and stated that 
experiments are now being made with models and scales 
to determine the factors and derive formulas for work- 
ing out the stresses. 

The hydraulic session held Tuesday afternoon was 
given over entirely to a symposium on centrifugal 
pumps, the first paper being presented by Herbert T. 
Davey, of Bexley Heath, Kent, England, under the 
title ‘‘Centrifugal Pumps’’ in which the author dis- 
cussed the general considerations regarding losses, disk 





POWER PLANT 


January 1, 1928 


friction, specific speed, ete., and the principle governing 
the design of volute suction and delivery pipes, impeller, 
bearings and glands, priming apparatus and other de- 
tails concluding with a brief discussion of the materials 
used in the construction of centrifugal pumps. 

Michael D. Aisenstein, hydraulic engineer of the 
Byron Jackson Pump Mfg. Co., Berkeley, Calif., took 
as his subject ‘‘A New Method of Separating the Hy- 
draulic Losses in a Centrifugal Pump’’ and in his paper 
gave the particulars of a method by means of which 
the friction and shock losses of a given pump may be 
determined separately from its head capacity curve, 
together with an illustrative example. 

‘““A Method of Analyzing the Performance Curves 
of Centrifugal Pumps”’ was the title of Joseph Lichten- 
stein’s paper. Mr. Lichtenstein is engineer for the 
Bethlehem Ship Building Corp. and outlined the devel- 
opment of analytical and graphical methods for deter- 
mining correction factors from test curves for use in 
bringing theoretical pump equations into harmony with 
practice. The author comes to the conclusion that the 
discrepancy between the results of the classical one- 
dimensional theory used in calculating centrifugal 
pumps and the actual practice forces engineers to intro- 
duce correction factors which can only be deduced from 
tests. 

I. E. Moultrop stated that more attention has been 
paid to testing during the past few years than formerly, 
and thought this was proper because of the increasing 
sizes of pumps. Tests show decided differences in char- 
acteristics from those expected. He urged manufac- 
turers to study pump tests so as to guarantee pumps 
at all capacities within reasonable limit. 


Progress OF Low TEMPERATURE CARBONIZATION 

. At the fuel session Walter Runge, vice-president of 
the International Coal Carbonization Co., presented a 
paper entitled ‘‘The K. S. G. Process of Low Tempera- 
ture Carbonization,’’ which dealt first with the develop- 
ment of the K: S. G. low temperature process of coal 
carbonization, the principle of operation and the field 
of application of the process. The constructional de- 
tails of the retort were described, also the method of 
heating, fuel handling, gas and power recovery, and the 
types of coal suitable for the process. The yield of 
produce per ton of coal of a given analysis were tabu- 
lated and expected yields, based on typical American 
coals, were estimated. The schedule of heat and power 
requirements showed that 1,630,000 B.t.u. is necessary 
to carbonize a ton of coal. The horsepower of a steam 
driven unit amounts to 35 ihp. per ton, while 68.6 kw. 
is required for the motor. 

In the discussion of Mr. Runge’s paper, A. W. 
Bollenback stated that the technical difficulties of the 
K. S. G. process had been met and provided for, and 
that further. development will be along lines of mechani- 
cal operation and market conditions. He was of the 
opinion that the K. S. G. process is particularly adapted 
for production of fuel for steam generation in large 
central stations. Creosoting oils, he thought, should de- 
termine the market value of tar only to a small extent 
and their true worth evaluated on the basis of fractional 
products. 

At the Central-Station Power Session held on Thurs- 
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day morning, a paper entitled ‘‘The Properties of 
Ferrous Metals at Elevated Temperatures as Deter- 
mined by Short-time Tensile and Expansion Tests’’ was 
presented by title, having been prepared by A. E. 
White, University of Michigan and C. L. Clark. The 
paper discussed the properties as determined by short- 
time tensile and expansion tests, of plain carbon steels 
and Enduro metal at elevated temperatures. As the 
ground work for this paper, short time tensile and 
expansion tests on 0.13 and 0.37 and 0.38 per cent 
carbon steels and Enduro metals at elevated tempera- 
tures were run, the results being reviewed in the paper 
presented. As a result of their experiments and 
analyses, the authors came to the conclusion that the 
steels possessing the best properties at elevated tem- 
peratures, as determined by proportional limits, are the 
20 per cent chromium, the 1.55 per cent manganese, the 
4.96 per cent cobalt, and the chromium-vanadium. Of 
these the 20 per cent chromium appears to have decided 
advantages at temperatures above 1000 deg. F’. and the 
1.55 per cent manganese because of its good qualities 
and relative cheapness appears to possess decided ad- 
vantages at temperatures of 1000 deg. F. and under. 
‘‘Some Factors in Furnace Design for High 
Capacity’’ was the title of a paper presented by E. G. 
Bailey, president of the Fuller Lehigh Co. The author 
pointed out that the principal factors that should con- 
trol furnace design are: First, the complete combustion 
with a minimum of excess air; second, controllable rate 
of combustion over a reasonable range; third, long 
endurance of furnace walls; fourth, prevention of slag 
on boiler tubes; fifth, removal of ash. Combustion re- 
To burn a 


quires temperature, turbulence and time. 
given quantity of fuel in a given time and to keep each 
particle in the furnace for the proper length of time 


requires a large furnace volume. Because of the ex- 
pense of large furnaces, it is desirable to reduce the 
time factor to a minimum by burning coal at high rate 
of combustion. High temperatures, conducive to rapid 
and efficient combustion, tend to destroy refractory, 
water-cooled and other wall structures so that furnace 
temperature must be limited. Turbulence, therefore, 
is the only factor that can be increased profitably. 
Turbulence is best accomplished by violently mixing 
the proper proportions of fuel and air as they enter 
the furnace. The mixing action should also continue 
throughout the furnace. 

Turbulence minimizes the volume of intensely hot 
opaque flame and makes the gases more quickly trans- 
parent, thus equalizing furnace wall temperatures by 
radiation and reducing damage to boiler tubes and 
cylinder walls caused by hot spots. 

The most difficult part of the combustion process is 
to burn the minute carbon particles in the furnace gases. 
Floating particles of ash cause the greatest trouble in a 
boiler furnace, particularly if their fusion temperature 
is below the wall surface temperature. The fusion point 
of ash is the most important controlling factor in estab- 
lishing the rate of combustion, excess air, labor and cost 
of furnace maintenance. 

It was the opinion of the author that ash should be 
either kept below its fusion point and removed dry or 
else removed entirely in the liquid state. To burn at 
high rates of combustion coal having a low ash fusion 
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point requires some form of furnace cooling throughout 
all walls. Water cooling tubes connected in with the 
boiler circulation have been successful in furnace wall 
construction. Ample circulation must be provided, 
bare vertical tubes must not be exposed to excessive 
flame temperatures and the rate of heat absorption into 
the wall tube must not be greater than into the boiler 
tube when using scale-forming water. 

‘‘Some Operating Data of Large Steam Generating 
Units’’ was the title of a paper presented by Henry 
Kreisinger, research engineer of Combustion Engineer- 
ing Corp., and T. E. Purcell, general superintendent 
of power stations, Duquesne Light Co., in which the 
authors gave the principal operating data of six large 
steam generating units, fired with pulverized coal and 
installed in four plants. Two of these units are the 
remodeled boilers of the Fordson power plant of the 
Ford Motor Co., Fordson, Mich. The third unit is one 
of the first five pulverized coal fired boilers of the 
Colfax plant of the Duquesne Light Co., near Pitts- 
burgh. The fourth unit is one of the two boilers of the 
Stanwix plant of the Allegheny Counties Steam Heating 
Co. in Pittsburgh, and the fifth and sixth units are the 
two boilers of the Gould St. Station of the Consolidated 
Gas, Electric Light & Power Co. of Baltimore. All of 
these plants use the storage system of burning pulver- 
ized coal and the units are thoroughly representative 
of the large steam generating units now rapidly coming 
into use. 

Operating data were presented graphically and con- 
sisted of the hourly output in pounds of steam through- 
out the period of operation. Whenever the steam gen- 
erating unit was shut down the reason for this shutdown 
was noted on the chart. There were also presented 
charts giving the necessary data for the computation of 
the efficiency for various percentages of rating, such as 
the temperature of flue gases, the percentage of CO, in 
the flue gases, and the losses due to incomplete com- 
bustion. 

Summarizing the result of their investigation, the 
authors cited the factors limiting ratings as the draft 
limitation, slagging of boiler tubes and choking of gas 
passages through the boilers, slagging of furnace, large 
losses from incomplete combustion and smoke. 

In the discussion which followed the presentation of 
the above papers, Vern E. Alden urged those who have 
large boilers under their operation to make a study of 
the outages, analyzing the operation of these units in the 
same way that turbines have been analyzed and sug- 
gested a study of 

1. More effective ways of reducing slag accumula- 
tion on the lower rows of tubes. 

2. More effective ways of keeping all solids, both 
scale forming and soluble out of the boiler. 

3. More effective ways of keeping down to a mini- 
mum the moisture carried over from the boilers to the 
superheater. 

4. Effective ways of equalizing the temperature 
throughout the furnace and avoidance of hot spots. 

5. Features of design which will correspond to the 
development of high capacities, equalize and limit the 
rate of heat absorption in all parts of the boiler, super- 
heaters and furnace walls to values which will avoid 
unsafe metal temperatures. 
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6. The design of draft fans for the driver and their 
controls along lines which will insure ease of control 
and reliability of operation at least equal to that of 
turbine and economizer auxiliaries. 

7. The design of fuel feeding equipment which may 
be depended upon for fairly constant rates of feed 
regardless of grade of coal, moisture content or age in 
mouth of feeding equipment. 

8. More effective and reliable methods of ash re- 
moval. 

9. The clearing up of all minor troubles which re- 
sult in occasional outages of steam generating units. 

Alex Dow stated that in the design of the next plant 
for which he expects to be responsible he fancies that 
the local circumstances will transfer him to the group 
which gets its results by high duty of surface rather 
than by large size of boilers. He cannot see that the 
boilers will be cheaper, if any, per net unit of electric 
output, but there will be some saving in floor space, 
and some incidental convenience of design. Following 
consistently the Trenton Channel use of a separate 
water circulation for that part of the tube system which 
is actually in the furnace, he has ruled that in the new 
design that part of the boiler which surrounds the fur- 
nace is to be in effect one boiler with its own drums 
and water level and that the other part of the boiler 
which is to take heat from the products of combustion 
is to have its separate drums and water level. This 
ruling, in addition to being warranted by his experience, 
gives greater freedom of design and need not materially 
increase cost. 

This design has the obvious merit that the failure of 
a furnace tube is not going to empty the entire steam 
generator. It has merit (for purposes of study) in 
that it separates completely the duty of the radiant 
heat section from that of the convection section. 

From the data given in the papers, George A. Orrok 
stated, it does not appear that the capacities of boilers 
have reached their maximum limit. The ranges cited 
in the papers being from 13,000 to 550,000 lb. of steam 
per hour. Heat transfers of the order of 120,000 B.t.u. 
per sq. ft. of surface per hour were cited. 

Exception was taken by J. G. Worker to a statement 
by Kreisinger and Purcell that ‘‘Stoker fired furnaces 
for such large units seem to be beyond serious con- 
sideration’’ and cited furnace designs for burning 65 |b. 
of coal per tuyere per hour with a steam generation in 
the unit of 530,000 lb. per hr. Heat releases with 
stokers as high as 47,000 B.t.u. per cu. ft. of furnace 
space per hr. were also cited. 

Large steam generating units, it is believed by I. E. 
Moultrop, will result in lower first cost, lower operating 
costs and should result in lower maintenance costs. The 
idea of using a whole flock of boilers to operate one 
turbine generator unit looks wrong to him. 

E. H. Tenney summarized the steps in the develop- 
ment of furnace design during the past 4 yr. as follows: 

1. An increased use of water cooled walls followed 
by 

2. Greater flame turbulence 

3. Removal of the hot zone from the ash pit 

4. A refinement in the control of furnace tempera- 
ture by covering the water tubes with block of the 
requisite temperature gradient 
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5. The use of preheated air to hasten combustion. 
Discussion OF BOILER FEEDWATER 


An entire session was given over to the discussion 
of boiler feedwater problems, which was virtually a 
progress report by the five subcommittees of the joint 
research committees on boiler feedwater study on their 
past year’s work. As a result of the survey carried on 
by these committees the main committee was impressed 
with the necessity of more accurate information of the 
treatment of feedwater, the need of fundamental data 
concerning the chemical phenomena of water treatment, 
and the desirability of intensive research as a solution 
of feedwater difficulties confronting the profession at 
the present time. 

The committee planned its research program to in- 
clude investigations of the problems connected with 1. 
corrosion, 2. embrittlement, 3. priming and foaming, 
4. condensers, evaporators and deaerators. It was the 
opinion of the committee that since these problems are 
nationwide in scope the financing should not be borne 
by any individual group or confined to any restricted 
area, as the investment will effect an ample return in 
the form of reduced maintenance and higher efficiencies 
in the operation of equipment. 


Om AND Gas PowER 


‘* Efficiencies of Otto and Diesel Engines’’ was the 
title of a paper presented by F. O. Ellenwood, professor 
of heat power engineering, Cornell University, F. C. 
Evans, formerly assistant professor of heat power en- 
gineering, Cornell University, and C. T. Chwang, for- 
merly a graduate student of heat power engineering, 
Cornell University, at the Oil and Gas Power session. 
This paper gave primarily the results of calculations 
for the ideal Otto and Diesel engine in which the work- 
ing substance is a mixture of real gases. Results were 
presented in the form of convenient tables and curves 
that may be readily used by any engineer in the deter- 
mination of the engine efficiencies of internal com- 
bustion motors operating under the various conditions 
existing today. The general method of procedure was 
fully explained and the necessary equations given. The 
paper also considered the factors involved in the estab- 
lishment of real mixture standards on which to base 
the performance of Otto and Diesel engines and com- 
pared the results obtained by somewhat different con- 
ceptions. Use of higher and lower heating values of the 
fuels in the various calculations involved was discussed 
and the tables and curves for the 65 cases considered 
gave the results for both values. 

Lionel C. Marks was in accord with the authors of 
the paper on the desirability of finding and standardiz 
ing some method of stating the engine efficiencies of 
internal combustion engines. In order to calculate the 
ideal efficiency, two things are necessary: 1. to define 
the cycle and 2. to know the physical properties of the 
working substance. He pointed out the difficulties of 
doing this which made accurate calculation of ideal 
efficiency practically impossible. Results of other in- 
vestigations have shown quite wide discrepancies in the 
matter of calculated efficiencies. He does not think the 
time is ripe for the adoption by the American Society 
of Mechanical Engineers of such a set of ideal efficien- 
cies as those calculated in the paper. 


ENGINEERING 81 


Program for Midwest Power 


Conference 


UTLINE OF THE program for the 1928 Midwest 

Power Conference, to be held in Chicago, Ill., from 
February 14 to 17, 1928, as recently announced by the 
Program Committee, indicates that the various papers 
to be given will be of the greatest interest to all power 
plant engineers and will contain information of the 
most valuable and practical kind. They will be de- 
livered by men of the highest authority and reputation 
in their respective fields, as listed on the program 
below. 

Official headquarters of the Midwest Power Con- 
ference will be the Hotel Stevens, Eighth and Michigan 
Ave., Chicago, where registration will begin on Tues- 
day, February 14, at 8:30 a.m. Complete data regard- 
ing registration, hotel accommodations, special railroad 
fares and all other details of the Conference may be 
obtained from G. E. Pfisterer, Secretary, Midwest 
Power Conference, 53 W. Jackson .Blvd., Chicago, Ill. 

Following is the program as announced, subject to 
change, by the committee. 


TUESDAY, Fes. 14, 1928: 

10:30 a.m.—Session: Address of Welcome—Sewell Avery, 
Pres. Commercial Club of Chicago. Address by Major Rufus 
W. Putnam, Chairman of Power Conference. Address. 
“Power, the Background of Today’s Civilization,” by Glenn 
Frank, Pres. Univ. of Wis. 

2:00 p. m.—General Session. ‘“Power’s Accomplishments 
in Factory and Home.” 1. “America’s Part in the Romance 
of Power,” W. A. Durgin, Dir. Pub. Relations, Com. Edison 
Co.; 2. “Drudgery Banished from the Home,” Mrs. J. D. 
Sherman, Pres. Gen’l Federation of Women’s Clubs; 3. “How 
to Make the Burden Bearer Bear the Burden,” Burke Cor- 
coran, Secy. Elec. Assn. of Chicago. 


WEDNESDAY, Fes. 15TH: 

9:30 a. m—General Subject: “Relation of Power Devel- 
opment to Flood Control and other River Problems.” 1. “The 
General Flood Control Problems on the Mississippi System,” 
Gen. Edgar Jadwin; 2. “Problems of Storage for Flood Con- 
trol and for Power Development,” D. W. Mead; 3. “Irriga- 
tion and Power Development Problems on the Colorado 
River,” Col. Wm. Kelly. 

2:00 p. m.—4. “The Tennessee River Survey,” Maj. L. H. 
Watkins; 5. “Navigation and Power Development on the St. 
Lawrence River,” E. A. Forward, Cons. Engr.; 6. “The Com- 
bined Use of Water and Steam Power,” F. A. Allner, Genl. 
Supt., Penna. Water & Power Co.; 7. “Progress and Trend 
in Hydraulic Power Developments,” H. A. Hageman, Chief 
Hydraulic Engr., Stone & Webster, Inc. 

7:00 p. m—Annual Banquet—Hotel Stevens. 


THURSDAY, FEs. 16TH: 

9:45 a. m.—Session: “Economics of Power Stations.” 
1. “Capital Costs with Relation to Economy of Central Sta- 
tions,” Alex Dow, Pres. Detroit Edison Co.; 2. “High Pres- 
sure Operation,” G. A. Orrok, Cons. Engr.; 3. “Trend and 
Development in Steam Generation,” Thos. E. Murray, The 
T. E. M. Co., Inc., New York. 


1:00 p. m.—Luncheon Symposium. 1. “Under-ground 
Transmission Developments and the General Effect Upon 
Reliability of Service,” H. B. Gear, Commonwealth Edison 
Co.; 2. “Over-head Transmissions,” Geo. F. Humphrey, West 
Penna. Power Co.; 3. “Equipment for Power Transmission,” 
= C. Montieth, Westinghouse Elec. & Mfg. Co., Pittsburgh, 

‘a. 
FRIDAY, Fes. 17TH: 

9:45 a. m.—Session: “Economics of Power Stations” 
(Fuel, Combustion, etc.). 1. “Combustion Control in Indus- 
trial Plants,” T. A. Peebles, Hagan Corp.; 2. “Combustion 
Control in Central Stations,” Chas. H. Smoot, Smoot Engr. 
Co.; 3. “The Effect of Steam Reheating, Stage Feedwater 
Heating, and Boiler Reheating on Steam Turbine Practice 
and Development,” Edward Brown, Allis-Chalmers Mfg. Co.; 
4, “Embrittlement of Boiler Plate,” S. W. Parr & F. C. 
Straub, U. of II. 
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What Is Foresight Worth? 


Inasmuch as the sole business of the central station 
is the manufacturing of electric power, we take it more 
or less for granted that the public utility company 
should make its plans in a general way for long periods 
in the future. Many industries, too, which by virtue of 
process steam demands or other factors can justify the 
generation of steam and electric power or both, have 
followed the best central station practice of planning 
for the future. Such plants, however, are still in the 
minority. The percentage of fuel burned by industrial 
plants using only two or three small boilers is still 
extremely large. In mahy of them, also, steam is gen- 
erated largely for process work and may form a large 
percentage of the total cost of the product. 

Entirely apart from these technical questions, the 
small industrial plant should give careful consideration 
to the economy and desirability of considering future 
requirements, especially when making any changes in 
existing equipment. The following case is typical of 
a situation that often exists. 

In a certain industrial plant, which has been steadily 
growing for the past 10 yr., steam for process work is 
generated by two h.r.t. boilers. These are set in a 
small, crowded boiler room at one side of the plant, 
the boiler room floor being about 5 ft. below the main 
floor of the plant building. The switch track on which 
coal is brought in is 100 ft. away on the other side of 
the building; coal is dumped here and wheeled by hand 
to the boiler room. It is proposed to remove the two 
old boilers and replace them with two new ones of 
slightly larger capacity. This will necessitate raising 
walls and roof of the existing power plant section about 
5 ft., repairing the old walls and doing a great deal of 
work on the building itself, besides the actual setting of 
the new boilers. 

The contractor assigned to this work has estimated 
that at a cost of only about 10 per cent more than the 
cost of making the above changes, a brand new boiler 
room can be built on the other side of the plant, where 
there is ample space and where the coal can be dumped 
directly into bunkers inside the boiler house, if desired. 
In addition, the new boiler house could be built large 
enough to give space for another boiler in the future, 
with plenty of room around the heaters, pumps and 
boilers and with generally improved working conditions. 
It is estimated that the present cost of handling coal 
from cars to boiler room by hand is about $100 per 
month which would be eliminated by the second arrange- 
ment. Cost of setting the two new boilers is about the 
same in either case. 

It is a question whether or not the owner of this 
industrial plant can be convinced by the contractor that 
by increasing his expenditure 10 per cent now, he can 
not only make adequate provision for the future but 


also save much more than that 10 per cent each year 
for the next 10 or 15 yr. At present, he is proceeding 
on the original plan of trying to remodel the old boiler 
room. 

There are many eases, of course, in which a new 
boiler plant would not be possible. There might be no 
room for it, or it might cost so much more as to be 
manifestly uneconomical. But where the difference is 
only 10 per cent, we feel that future requirements 
should determine the choice here. The point is that, in 
spite of the steady increase in business in this small 
industry, which can be handled for some time with the 
present process equipment, little consideration is being 
given to the future of the boiler room. It is expected 
that the business will continue to grow. This will be 
accompanied by increased steam demands. Why not 
figure on them now and get ready to meet them as 
economically as possible? 

Needless to say, the above industrial plant owner 
has not consulted a power plant engineer of any kind 
in making his remodeling plans. If he had, he would 
have received some sound advice. Even the contractor, 
who does not pretend to be a power plant specialist, 
can see what is needed. We hope he wins the argument. 


The Trend of Furnace Volumes 


Water-cooled furnace walls were a long step forward 
in furnace design, aiding us to do things with both 
pulverized coal and stokers that we did not dream of a 
few years ago. It is true that for many applications the 
air-cooled furnace wall gives extremely satisfactory re- 
sults. Yet it appears that a definite trend exists toward 
the more widespread use of water-cooled walls. 

It is felt that this trend in conjunction with the use 
of turbulent burners or arrangements to produce tur- 
bulence of the flame in the furnace, is leading to a 
definite decline in furnace volumes. This decline, how- 
ever, does not seem at present to be in actual furnace 
volume but rather in decrease of volume for a given 
heat liberation—or greater heat liberation per cubic 
foot of a given furnace volume, to put it still another 
way. 

In plants which went into operation this last year, 
furnace volumes for pulverized coal range between 0.8 
and 1.1 cu. ft. per sq. ft. of boiler heating surface, going 
in one case as high as 1.44. Average heat liberation for 
pulverized coal fired plants seems to be around 20,000 
B.t.u. per cu. ft. per hr., and 25,000 to 30,000 for 
stokers. Rates of 40,000 B.t.u. per hr. with stokers have 
not been uncommon, and 60,000 B.t.u. per cu. ft. per 
hr. have been liberated in some pulverized coal fur- 
naces. Boiler ratings of 300 per cent are common for 
long periods, while peaks of 600 and even 700 per cent 
for short periods have been reached. 
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There is a general feeling, therefore, that the peak 
of large furnace volumes has been turned. But at this 
point, heresy raises its head, as it has a habit of doing 
in the engineering profession. (The engineer will at 
least listen to the heretic; sometimes he finds it is not 
heresy at all, but only sounds like it at first.) In this 
case, the heretics ask, ‘‘What if you do reduce furnace 
volumes? What do you gain?’’ 

Their argument is, in the first place, that the cost 
of the furnace volume is small compared to the cost of 
the entire plant, considering a power plant and not a 
heating or boiler plant. Second, if the gain in boiler 
capacity is attributed to the aid of the water-cooled 
wall, just how much is this effect and what is its upper 
limit? Third, if there is a certain maximum effect due 
to the water-cooled wall, this maximum being fixed by 
the circulation condition, why not keep on increasing 
the water cooled surface to expose more of it to the fire? 
Fourth, with a small furnace, and a water-cooled wall 
absorbing heat at its maximum capacity, will not the 
maintenance of this wall be too high, as compared to 
that in a larger furnace? 

We are not presuming to take sides on the questions 
in any way. It appears, however, that many more 
data regarding performance of water-cooled furnace 
walls must be obtained before they can be answered 
fully. The objections are not raised against the water- 
cooled wall itself. It is pretty generally agreed that 
such a wall, or one including radiant superheaters, is 
of the greatest value. The question is rather as to the 
effect that such walls may have in reducing furnace 
volume. While there seems to be a tendency toward 
such reduction at present, final pronouncements on the 
subject should not be made until more data are avail- 
able. 


The Importance of Huntley Station 

Considerable skepticism and not a little criticism of 
the ash removal from the well type furnaces at Huntley 
Station have come to light recently. Judging from the 
discussion following the paper by Cushing and Moore 
before the Fuels Meeting of the A. S. M. E. at St. Louis, 
this boiler plant layout is the subject of world wide at- 
tention. Certainly the entire power plant industry has 
been watching the progress of the much heralded well 
type furnace with an interest which was if anything 
increased by the abandonment of the original small well 
design as originally installed at the Sherman Creek 
Station for a larger one. 

Judging from reports, the furnaces have proven sat- 
isfactory to the owners at least, and the lively discussion 
which is taking place should bring out its benefits and 
disadvantages. There are many points of design for all 
types of furnaces which are still subjects for legitimate 
disagreement. Whether the well type furnace finally 
proves to be a success or failure, it has at least rendered 
one important service to pulverized coal—it has brought 
out the importance of turbulence in the furnace. 

Apparently reliable reports from experiments with 
Seoteh marine boilers show a heat liberation of about 
60,000 B.t.u. per cu. ft. of furnace volume. This, how- 
ever, was with coal finer than ordinarily considered eco- 
nomical, a large percentage passing through 300 mesh. 
Apparently, as far as combustion is concerned, it is 
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immaterial whether the turbulence is created by the de- 
sign of the burner or shape of the furnace. 

From the discussion the question evidently becomes; 
Is it cheaper in the end to build a large furnace with 
moderate unit heat release or a small furnace with high 
unit heat release? ‘This is a question that can be 
answered only when maintenance figures on the new 
furnace over a representative period are available. 

Another development which the paper brought out is 
the possibility of removing the ash as a molten slag. At 
Huntley the furnace bottom is flat and is made up of 
two courses of firebrick covered by a 6-in. layer of 
burned dolomite dished up on the sides. The furnace is 
tapped about every 24 hours and any quantity up to 
15 tons of slag drawn off from the tap hole and dis- 
charged to a sluicing system. The slag breaks up into 
a coarse granular product which is of considerably more 
value for concrete work than the ordinary ash. 

Removal of molten ash from the furnace is not new 
even in power plant work, while with metallurgical fur- 
naces it is being done continuously, sometimes being 
granulated with water, sometimes being carried away in 
slag pots. Apparently there is little difficulty to be 
experienced in this direction. 

Only about 30 per cent of the total ash from the 
boiler is handled in this way, however, the balance 
going up the stack. Again it is a question of balancing 
the fixed and maintenance cost of this method against 
the installation of a water screen and regular type ash 
pit. It does, of course, open up a field for high ash and 
low fusing temperature ash coals, which is not as impor- 
tant as it first appears, both because the problem of 
burning these coals has been solved to a certain extent 
in regular types of furnaces and the elimination of ash 
and slag troubles in the ashpit does not eliminate slag- 
ging troubles on the lower rows of boiler tubes. 

Regardless of the outcome, Huntley station is a de- 
velopment which has done and still will do much to 
solve the problem of boiler and furnace design and help 
us on the road to the ultimate perfect furnace design 
which we are all looking forward to. 


$200,000,000 for Industrial Research 


One of the recent reports of the National In- 
dustrial Conference Board shows that the total cost of 
this industrial research in the United States is about 
$200,000,000 per yr. Approximately one-third of this 
sum is spent by the Federal Government and two-thirds 
by private industries. 

Research by private industry embraces more than 
1000 concerns, which have departments organized for 
this purpose, 152 colleges and technical schools doing 
research work and 70 trade organizations are together 
spending about $15,000,000 a year developing new 
processes and improving the quality and usefulness of 
many products. Among these the American Gas Asso- 
ciation has appropriated $500,000 for studies in the use 
of gas and maintains an extensive laboratory for this 
purpose at Cleveland. 

Only a fraction of this, of course, affects the power 
plant field either directly or indirectly. It does, how- 
ever, show what is being done in this country for re- 
search work and the importance with which it is re- 
garded by the industries. 
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Sixth N.Y. Power Show Sums Up Year’s Progress 


LARGE AND VARIED Exuisits ILLUSTRATE GENERAL TENDENCIES TOWARD HIGHER 
PRESSURES AND TEMPERATURES, GREATER BOILER CAPACITIES AND ATTENTION TO 
DETAIL IN AUXILIARIES AND PROGRESS IN HEATING AND VENTILATING EQUIPMENT 


pene TO obtain a survey of the developments 
made in power plant equipment and heating and 
ventilating equipment during the past year, crowds of 
engineers thronged the four floors of the Grand Cen- 
tral Palace in New York City on which the Sixth 
National Exposition of Power and Mechanical Engineer- 
ing was held from December 5 to 10, 1927. It was 
estimated that the registration of engineers at this ex- 
position, popularly known as the Sixth Power Show, 
numbered between 25,000 and 30,000, while the total 
attendance for the week was probably four or five times 
that number. 

Visitors to the Show saw new and interesting types 
of combustion equipment for the power plant including 
both pulverized coal and stokers, fuel oil and gas burn- 
ing equipment, new forms of furnace construction, with 
the accompanying auxiliaries. Modern trends toward 
higher pressures, temperatures and boiler ratings were 
exemplified in designs of boilers, water and air cooled 
furnace walls, piping, valves and accessories. 

Concurrently with the Power Show occurred the 
annual meeting of the American Society of Mechanical 
Engineers, held at the Engineering Societies Building 
from December 5 to 8, and the annual meeting of 
the American Society of Refrigerating Engineers, held 
during the same period. Opportunity was thus afforded 
the members of these societies to take full advantage 
of the splendid exhibits of the equipment used in their 
plants. 

At the Power Show, a total of 520 exhibitors filled 
the booths on four floors of the immense Grand Central 
Palace. Of this number, about 225 exhibits included 
or were totally made up of heating and ventilating 
equipment both for industrial and domestic use, in- 
cluding some refrigeration equipment. Besides this, 
100 exhibits included machine shop and production 
equipment, such as metal and woodworking machinery, 
mechanical power transmission equipment and the like. 

Among the items of combustion equipment were two 
recently developed turbine drives for stokers, a new 
underfeed stoker with air zone control, and new types 
of pulverized coal burners for producing turbulent 
flame. A new unit pulverizer, of the ball mill air swept 
type, aroused interest. Data were given regarding new 
processes of low temperature carbonization and dry- 
quenching of coke. 

Water cooled walls and furnaces of various types 
were illustrative of the increasing interest in this de- 
velopment. Various types and arrangements of water 
tubes, both protected and unprotected, were shown for 
this work, together with many new types of refractories, 
including earborundum refractories. 

New combustion control equipment of the electrical 
type was displayed by several companies and important 
improvements were noticeable in all of this equipment 
that was exhibited. 

Besides the steam turbine stoker drives referred to 
above, several small steam °turbines for driving 


auxiliaries proved of interest, especially in regard to 
methods of throttle and nozzle control. Many new 
types of pumps, including large high pressure boiler 
feed pumps, were observed. 

Developments in electric motor construction and 
electrical instruments of all kinds were shown by new 
models and general improvements. 

Piping, valves and boiler construction generally re- 
flected the increasing tendency in the power plant field 
toward the use of higher pressures and temperatures. 
Much of the equipment shown was designed for tem- 
peratures of at least 750 deg. and in some eases as high 
as 1000 deg. Boiler construction, to keep pace with the 
above tendency, was illustrated by specimens of headers, 
boiler drums, water cooled walls and designs for high 
steam capacity. Accessories for these high pressures, 
such as water columns, feedwater regulators and the 
like indicate that developments toward the higher pres- 
sures and temperatures have been carefully considered 
in design of auxiliaries. 

New construction of oil coolers and heaters was ob- 
served, as well as new methods for oil purification. 
New equipment for removing cinders from boiler fiue 
gas of power plants aroused considerable attention, to- 
gether with new types of forced and induced draft 
fans, ventilating blowers for industrial work and air 
conditioning equipment of the unit type for industrial 
applications. Domestic heating and ventilating equip- 


ment was displayed by several manufacturers, includ- 


ing two exhibits of gas fired household units, one of 
which was designed to circulate and humidify the ‘air 
as well. Control devices of all kinds for temperature, 
pressure and other factors were prominent in the exhibi- 
tion. 

Among the mechanical equipment shown was a new 
form of torque amplifier, capable of amplifying the 
torque from the driving machine to several hundred 
times its original value in the driven machine. Many 
types of reduction gear units were featured, both as 
integral parts of auxiliary turbine drives and as sepa- 
rate units. One of these reduction units had a ratio of 
800,000 to 1. 

Great interest was aroused by an exhibit of mechani- 
cal motions displayed by Mechanical Wonderland Syn- 
dicate. This exhibit consisted of working models in 
operation on panels and included square and elliptical 
gears, engine mechanisms and other mechanical elements 
that form the basis of all types of well-known devices 
used today. 

CoaL BURNING AND PREPARATION EQUIPMENT 

Among the new items of combustion equipment, a 
recently developed turbo-gear box for multiple retort 
stokers was shown at booth of Westinghouse Elec. and 
Mfg. Co. This turbo-gear box is essentially a small tur- 
bine-drive built integral with and forming a part of a 
standard stoker gear box. The entire unit is designed 
for mounting directly on the stoker thus removing all 
parts from the floor. One of the most. interesting 





POWER PLANT 


January 1, 1928 


features is the coal feed indicator supplied with it 
calibrated directly in pounds of coal per hour. 

The C-E-Z furnace fire observation window displayed 
by Combustion Sales Co., Inc., was shown in use to 
allow observation of furnace conditions comfortably 
without opening any doors in the setting. 

A full size stoker in operation of its new forced 
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The chain is composed entirely of removable links, de- 
signed to be changed while the stoker is under load. 
The De Waters Safety Latch Co. has developed a 
safety latch for furnace doors, of the locking type with 
counterweighted handle and controlled movements. All 
parts of the lock are made of heat-treated cast steel 
conforming to the A. S. M. E. boiler code specifications. 

















EXHIBITS OF COMBUSTION AND BOILER EQUIPMENT EPITOMIZED MODERN TRENDS 


draft chain grate type was exhibited by McClave-Brooks 


Co. The model on display was the type designed for 
burning anthracite, coke breeze and mixtures but a 
similar type of stoker is also furnished for any grade 
of bituminous. The stoker has replaceable links, a 
new design of spur gear and ratchet drive and multiple 
air compartments controlled by dampers at the sides for 
regulating the pressure under the different sections. 


A full size model of the new UniStoker was shown 
by Detroit Stoker Co. The principal feature of this 
stoker is that the forced draft fan for air supply to it 
is located directly below the stoker mechanism and 
integral with it, the stoker and the fan being driven 
from the same motor. 

In a half of a furnace section, M. A. Hofft Co. 
showed the National stoker, the National suspended 
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arch and the automatic refuse stoker, by full size operat- 
ing models, for burning hogged fuel or other refuse 
fuel. The latter equipment consists essentially of two 
serew conveyors feeding a paddle wheel distributor to 
secure steady flow of fuel to the furnace. 

Recent developments in the Riley super stoker were 
displayed by Riley Stoker Corp. in a full size unit 
shown in operation. The principal new development 
is that this stoker is air zoned, the air chamber beneath 
the stoker being divided into five separate zones con- 
trolled by the operator by means of proper handles at 
the sides and front. The stoker shown was 11 ft. 3 in. 
wide and 13 tuyeres deep. Besides the air control be- 
neath the stoker, air is now admitted through the front 
wall with dampers for controlling its amount. On a 
model of the Jones stoker, which was also displayed, 
attention was called to the new design in which the 
fereed draft fan of high capacity and small size is 
located directly under the plunger, driven from same 
motor that drives the stoker. In this unit also, damper 
arrangements for zoning the air supply below the 
stoker have been provided. Improvements in construc- 
tion of the Riley Atrita unit coal pulverizer include the 
use of heavier castings and hammer construction in the 
first stage of the pulverizer. In addition, the magnet 
in the magnetic separator is now made totally enclosed 
to protect it from dust. Connected to it was the new 
Riley flare type burner, previously described. 

Drake Non Clinkering Furnace Block Co. displayed 
the new Drake power burner for pulverized fuel. This 


burner consists primarily of a cylinder made of refrac- 


tory material to be set in the boiler front, with the 
Drake super power burner set in it to produce turbulent 
flame. The company also displayed new forms of air 
cooled T and U blocks for furnace wall construction 
and the Drake armor clad water wall construction. In 
the latter, armor blocks of heat resisting metal are cast 
on the tubes by a special process. 

At the booth of International Combustion Engineer- 
ing Corp. particular attention was called to data and 
drawings exhibited covering the KSG process for low 
temperature carbonization of coal and the Sulzer system 
for dry-quenching of coke. The KSG process is now 
in operation in Germany. Average results obtained 
with some American coals, having 33 to 36 per cent 
volatile matter, have shown a yield of 70.6 per cent of 
semi-coke, 13.2 per cent tar, 10 per cent gas, 1.2 per 
cent motor spirits and 5.0 per cent water. In the 
Sulzer dry-quenching system for coke, worked out by 
the Dry Quenching Equipment Corp., a subsidiary of 
International Combustion Engineering Corp., data were 
presented on an installation of this system by the 
Rochester Gas and Electric Corp. 

Another item of interest at this booth was the new 
C-E liquid level indicator. In this indicator, which was 
shown as applied to the water gage of a steam boiler, 
the column is illuminated from behind, the image being 
reflected downward by mirrors and finally to a trans- 
lux screen. Further attention was also called to recent 
changes made in the C-E air preheater, in which the 
plates of the air sections are now given an S shape so 
that all the plates are of equal length. A drawing was 
shown of the No. 4 unit at Kips Bay. The new unit 
will have the burners inserted in the lower corners of 
the furnace to produce a tangential flame. Another 
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important change was shown in the Couch turbulent 
burner for pulverized coal; the vanes controlling the 
secondary air entering the burner casing are made 
adjustable with suitable control wheels and _ levers 
brought to the front of the burner. 

Hardinge Co., Inc., had on exhibit working models 
and a scene-in-action showing its new unit coal pul- 
verizing mill. This is an adaptation of the Hardinge 
conical mill and consists of a ball pulverizing mill with 
suitable feeder. The new unit pulverizer is made in 
capacities ranging from 175 lb. of coal per hour to 
50,000 lb., the smaller sizes having speeds of 30 to 35 
r.p.m. and the very largest sizes speeds of 16 and 18 
r.p.m. The driving motors required range from 2 hp. 
to 350 hp. 

Peabody Engineering Corp. displayed a full size 
unit of the recently announced Toronto burner for pul- 
verized coal, recently described in detail in these col- 
umns. The model shown has a capacity of 6000 lb. of 
coal an hour per burner and is of the same type with 
which combustion rates of 30,000 B.t.u. per hr. per cubic 
ft. of furnace volume have been obtained in operation. 
Another new feature exhibited in connection with this 
burner is the insulated burner front designed to keep 
the firing aisle cool by interposing insulation between 
the burner and the operator. 

Furnace Engineering Co., Inc., had as the feature 
of its exhibit the new Drake Super power burner for 
pulverized coal. This is a burner designed to produce 
turbulent flame and consists primarily of a pipe or 
duct for introducing a stream of primary air and coal 
with motor-driven vanes at its tip. The model shown 
was of 6000 lb. per hr. capacity. Attention was called 
to improvements in the Simplex pulverizer in which all 
surfaces exposed to wear have been provided with re- 
newable plates. 

Designed for burning all grades of coal, the 
Thacher stoker was exhibited at the booth of Builders 
Iron and Steel Co. by a full sized stoker in operation. 
These are provided for boilers from 150 hp. capacity 
to 500 hp. This is an overfeed stoker in which an 
alternating portion of the stoker bars is always in 
motion while the remaining bars are at rest. 

Klingerit, Inc., showed a new Klinger water gage 
designed for 1800 lb. working pressure. This consists 
of forged steel fittings between which the water glass 
is held. This is of reflex glass of the flat type, locked 
in its frame by sliding keys and set screws. The cocks 
are of heavy construction and behind each is a safety 
lock shut off which can only be operated with a small 
steel bar or special handle. This is provided so that 
the gage can be shut off in the event that the regular 
gage cocks cannot be closed for any reason. 

FurNACE CONSTRUCTION 

Bernitz Furnace Appliance Co. displayed a new type 
of water wall furnace refractory, manufactured for it 
by the Carborundum Co. The water wall blocks are 
shaped to allow for any irregularity in tube spacing 
and tube size, and are supported in panels on the water 
wall by a structural member held to the wall by bolts. 
The new Bernitz type S 79 ventilated furnace floor, for 
either pulverized fuel or oil burning installations, was 
also displayed. 

At the booth of American Arch Co., Inc., was dis- 
played the new archlock firebrick for all types of fur- 
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naces. 
depressions on the various surfaces so that they always 
interlock in the right way. They also interlock at right 


angle corners to provide a substantial joint. 


gun, consisting of nozzle, handle and supply pipe. 
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These are made in three shapes with lugs and ments had been made in superbrick for service to 2500 
deg. F. 


Botfield Refractories Co. showed the new Adamant 
The 





























PUMPS, REDUCTION GEARS, OIL 


The Carborundum Co., in addition to the water 
cooled wall block referred to above, displayed a new 
type of air-cooled, non-perforated tongue and groove 
interlocking Carborundum refractory. It also showed 
the Cro domestic oil burner and working models of the 
Glo-bar furnace. 

Celite Products Co. announced that further develop- 


PURIFIERS AND MECHANICAL EQUIPMENT 


air connection of the nozzle is connected with a com- 
pressed air line and the supply pipe placed in a bucket 
of plastic refractory, the air valve is opened and the 
nozzle sprays the material on the surface to be treated. 
Various mixtures of Adamant firebrick cement used as 
a binder, with Adachrome, the aggregate or body ma- 
terial, were also shown for use with the gun. 
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Considerable interest was created at the booth of 
Johns-Manville, Ine., by a complete working suit of 
asbestos clothing, designed primarily for oil field service. 
Specimens of raw asbestos were shown together with the 
various types of asbestos transite wood, electrobestos 
and ebony wood made from asbestos. 

Plibrico plastic refractory, as applied to water-cooled 
furnace walls, was displayed by Plibrico Jointless Fire- 
brick Co. 

Carbex, a new silicon earbide brick for furnaces, 
being made in standard and special shapes, was ex- 
hibited by MeLeod & Henry Co. In a veneer shape it 








MODEL OF NEW UNIT PULVERIZER WAS DISPLAYED 


is supplied to be used with the company’s steel mixture 
veneer. 
Metat PROTECTIVE COATINGS 


The Dampney Co. of America called particular at- 
tention to a chart showing how 36 new boilers, totalling 
737,000 sq. ft. of heating surface have been treated with 
Apexior, or will be treated as they are erected. In all 
cases the tubes of these boilers will be pickled at the 
tube mill to remove mill scale from the internal sur- 


faces. Apexior will be applied just after the boilers 
are completely erected and tested and before being put 
into operation. 

At the booth of Quigley Furnace Specialties Co. 
was shown an arrangement of steel plates over which 
cascades of acid, alkali and salt water were running, 
to show the protection afforded these plates under the 
above conditions by the Quigley Triple A coatings de- 
signed to prevent erosion and corrosion on metal or 
masonry surfaces. 

CoMBUSTION CONTROL EQUIPMENT 

New types of combustion control equipment were 
shown by the Hagan Corp. in addition to a working 
model of the 6-in. size steam purifier in operation. New 
motor operated regulating devices were shown mounted 
on panels as in actual operation. 

The Engineer Co. displayed its new Enco automatic 
combustion control system, an electrical system based 
on the balanced draft principle. The initial impulse for 
this is a variation in steam pressure, transmitted to an 
electric compensating regulating switch on the power 
unit at the device to be controlled. 

The Leeds & Northrup Co. displayed its new com- 
bustion control in three panels, one a panel for stokers, 
another a master panel, and a third a panel for pul- 
verized coal fired equipment. These are equipped with 
the new Leeds & Northrup system of combustion con- 
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trol, together with suitable draft gages, meters and all 
necessary control instruments. Two boiler fronts were 
shown, one equipped with the automatic control for 
pulverized coal and the other for stokers. The com- 
pany also called attention to new portable frequency 
indicators combining 25 and 60-cycle equipment in one 
instrument and designed for an accuracy of 0.1 cycle 
on 60 eyeles or .05 on 25 eycles. 

Smoot Engineering Corp. called attention to its new 
density regulator. This is designed to determine the 
CO and CO, characteristics of boiler flue gas, thus 
detecting any changes in fuel character or other ele- 
ments affecting combustion. When the CO, varies with 
the change in coal or combustion conditions, the regu- 
lator changes the dampers to maintain the CO, condi- 
tions. The company also showed a new turbine type 
valve. The throat of the valve is shaped like a turbine 
steam nozzle but with a regulated area and the point 


of highest velocity is away from the seating surfaces. 


STEAM TURBINES, Pumps, Etc. 

At the booth of B. F. Sturtevant Co., the new type 
14 auxiliary steam turbine was shown by a typical unit 
of this type with casing open to show its interior con- 
struction. The most important feature of this turbine 
is the automatic nozzle control designed to allow the 
turbine to operate efficiently at part loads. 

The Moore Steam Turbine Corp. displayed a model 
of its new geared turbine unit built in sizes from 5 to 
60 hp., especially designed for driving fans, blowers, 
pumps and other auxiliaries. Turbine casing is of cast 
iron or steel according to the conditions with exhanst 
and steam connections in the lower half of the easing. 
Special attention has been given to packing and lubri- 
cation features and the single helieal reduction gear of 
high carbon steel is supported either by ball or roller 
bearings. 

A new steam turbine for driving centrifugal pumps 
and generators, in sizes from 100 to 1000 hp., was dis- 
played by General Electric Co. The special feature of 
the turbine is that it is designed for high efficiency at 
light loads due to the automatic governor control of the 
nozzles without manual adjustment of the valve. 

Of special interest at the booth of the Terry Steam 
Turbine Co. was the new Terry variable speed stoker 
drive. This is designed for mounting directly on the 
stoker frame and consists of a Terry steam turbine 
driving the stoker through a worm gear, the whole 
controlled by a variable speed oil governor. 

Westinghouse Electric and Manufacturing Co. dis- 
played a 3-kw. direct-connected turbine generator set 
especially designed for producing 125-v. direct current 
for lighting in connection with steam shovels, oil rigs, 
small marine installations and outdoor construction 
work. 

Pennsylvania Pump & Compressor Co. displayed its 
new type of overhead drive compressor in a model of 
65 cu. ft. piston displacement. This is driven at 400 
r.p.m. by a motor mounted on a support directly over 
the compressor and connected to the compressor by a 
Texrope drive. The company also displayed a small 
capacity high pressure turbine pump suitable for pres- 
sures up to 1500 ft. and capacities up to 75 g.p.m., 
intended for boiler feeding, for general high pressure 
service, or deaeration service, being designed for pull- 
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ing from 22-in. vacuum, discharging against pressure 
up to 300 Ib. 

De Laval Steam Turbine Co. showed a six-stage, 
6-in. 900-g.p.m. pump of recent design, for 2200-r.p.m. 
operation against 800-lb. head. This is a high-pressure 
boiler feeder and is one of two units recently built 
for a midwestern central station. Another feature of this 
exhibit was a reduction gear with a ratio of 7 to %4 for 
driving vertical shafts, oil being supplied to the upper 
bearing by a plunger. 

A new single-stage, 4-in. centrifugal pump was shown 
by Warren Steam Pump Co., Inc. This unit is designed 
for operation at 3600 r.p.m. at 125 lb. pressure and at a 
capacity of 750 g.p.m. Ball bearings are supplied on 
both pump and motor as standard equipment. Another 
new pump displayed here was a 114-in. size, four-stage 
boiler feeder of the single suction opposed impeller type 
with full hydraulic balance. 

Manistee Iron Works exhibited a new single-stage 
volute pump. This was shown in a model with capacity 
of 750 g.p.m. at 140 ft. head and 1750 r.p.m. The prin- 
cipal feature of this pump is the Roturbo pressure 
chamber impeller. 

Worthington Pump & Machinery Corp. had on 
display a 1200-g.p.m. unit of its multi-stage, type AC 
centrifugal pump of new design. This was designed for 
1354-ft. head and was of the 5-in. 6-stage type. The one 
on exhibit was part of an order to be shipped to Con- 
solidated Gas & Electric Co. of Baltimore. Another 


new pump, the centrifugal pipe line pump of the type 
used on the Magnolia pipe line, was on exhibition. The 
pumps are designed for automatic control by pressure 


regulators and are used to boost the pipe line pressure 
from 350 Ib. to 720 lb. per sq. in. The horizontal semi- 
portable triplex power pump of the new type, one of 
which was also displayed here, are totally enclosed self- 
oiling units with outside packed plungers. All running 
parts are enclosed with flood lubrication to insure 
smooth operation with minimum attention and low up- 
keep. 

Allis-Chalmers Mfg. Co. displayed one of its new 
type SSU centrifugal pumping units with the centrif- 
ugal pump integral with one end of the motor frame. 
The pump impeller is fastened to one end of the motor 
shaft and the pump casing to a special extension on one 
of the motor housings to eliminate a base plate coupling 
and pump bearings and to secure alinement. The unit 
has a speed of 3500 r.p.m. and capacities from 30 to 200 
g.p.m. Besides this the company exhibited small models 
of standard type of Pittsburgh transformers as manu- 
factured by the Pittsburgh Transformer Co., which has 
been recently acquired by Allis-Chalmers Mfg. Co. 

At the booth of Ingersoll-Rand Co. was exhibited a 
2000-g.p.m. boiler feed pump stated to be the largest 
boiler feed pump ever built. This was designed for 550- 
lb. pressure to feed 30,000 boiler horsepower and was 
one of four shipped to the new Long Beach No. 3 Steam 
Plant. A small model of the company’s 100-ton Diesel- 
electric locomotive also created considerable interest. 

Mine gathering pumps of the enclosed drive self- 
viling type were shown at the booth of Fairbanks, Morse 
& Co., the motor being mounted on the pump frame and 
driving it through a large gear. These are designed for 
oressures of 50 and 100 lb. and capacities of 110 and 55 
2.p.m., respectively. Here also was shown a new line of 
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ball-bearing, centrifugal pumps of the single-stage, 
double-suction, split casing type designed for moderate 
heads. A new type of high-speed ball-bearing pump, 
operating at 3600 r.p.m., was displayed in operation 
and a recent model of the 36-kw. Diesel engine generator 
set for stationary engineering work was also shown. 

Chicago Pump Co. exhibited a new vacuum conden- 
sation pump known as Condo-vae. This is designed to 
increase steam circulation through the system and re- 
move condensate quickly. It comprises a combination 
receiver and base, combination air and water pump with 
motor and an automatic water regulator and float. 

ELEcTRICAL EQUIPMENT 

General Electric Co. called attention to a new line 
of totally enclosed a.c. and d.c. motors. The induction 
motor, known as the new Form R, 500 series, is supplied 
for 220, 440, 550 v. and 2200 v. in larger sizes. The 
20-hp. motor has a speed of 1800 r.p.m., the 15-hp. 1200- 
r.p.m. and the 10-hp. 900-r.p.m. The d.e motor is sup- 
plied in sizes from 2 to 51 hp., and is equipped with 
ball bearings only. Particular attention was also called 
to the new type of floor stand for instrument and con- 
trol equipment. On one of these panels was mounted 
Selsyn devices recently developed by the General Elec- 
tric Co. for position indication of various types and 
combinations of electrical and mechanical machinery. 
The company also showed a new type magnetic switch, 
No. 7006, for three-phase motors up to 74% hp., the prin- 
cipal feature of which is the use of silver contacts. 

Chas. Cory & Son, Inc., featured in its exhibit the 
new Robinson interlock. In this interlock, it is neces- 
sary to have a supervisory key brought from the control 
room before any given circuit can be cleared. This key 
is inserted in the lock and the other subordinate keys 
can then be removed. At the same time the supervisory 
key is left in the lock and cannot be removed until the 
others are returned. 

The Cutter Electrical & Mfg. Co. gave data and 
showed a photograph covering a recently developed air 
circuit breaker designed for 45,000 amp. at 600 v. for 
direct current. The exhibit included a 6000-amp. 550-v., 
a.c., three-pole breaker in operation. 

A new model 44 tachometer was shown in operation 
at the booth of Weston Electrical Instrument Corp. 
This is of smaller size and higher capacity than the pre- 
vious types and involves a magneto transmitting to in- 
dicating instruments. The company also featured a 
new line of a.c. portable and switchboard instruments. 
The portables are especially designed for radio work and 
for power companies to check domestic power lines. 

Cutler-Hammer Mfg. Co. featured the triple A 
starter for motors up to 5 hp. It is a complete auto- 
matic starter unit in itself including the double break 
roller contactors and the necessary push button control. 
Other forms of the new automatic compensator for a.c. 
motor to 40 hp. capacities were also demonstrated. They 
were shown in three types, the across-the-line starter, 
the primary resistance starter and the auto transformer 
type. In addition to this the U-Re-Lite was shown, in 
an automatic control form for building equipment 
mounted in an entirely closed case. 

New types of electric motors were shown by Fair- 
banks, Morse & Co. One of these is the new Fairbanks, 
Morse type HAC motor, built in ratings from 114 to 50 
hp. with speeds of 900 to 1200 r.p.m. respectively, for 
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application in flour mills, rock quarries, chemical plants 
and other places where motors must be protected from 
dust and various substances in the air. Another inter- 
esting type of motor shown here was the Fairbanks, 
Morse double squirrel cage motor for starting without 
a compensator and designed for application on machine 
tools, refrigerating machinery, textile machinery, pul- 
verizers, compressors and similar equipment requiring 
this type of drive, as described recently. 


PIPING, VALVES AND VALVE CONTROL 


A 14-in. cast-steel non-return valve, for 400 lb. work- 
ing pressure, was shown by Pittsburgh Valve, Foundry 


January 1, 1928 


Jenkins Bros. exhibited the Jenkins forged steel 
drilling valve, tested to 4000 lb. per sq. in. pressure. 
They were primarily designed for oil field service and 
the design embraces the necessary protection for sur- 
faces and for the threaded end of casing. Bronze valves 
for radiators were shown in a new model with a low- 
down bonnet, materially decreasing the height of the 
valve. A new type of fire line angle valves, with red 
enameled iron wheel, suitable for 250-lb. working water 
pressure and 500-lb. test, was also displayed. 

Consolidated Ashcroft Hancock Co., Inc., the new 
subsidiary of Manning, Maxwell & Moore, Ine., called 
attention to refinements in the construction of the Ash- 














PIPING, VALVES AND ACCESSORIES SHOWED TREND TO HIGHER PRESSURES AND TEMPERATURES 


& Construction Co. This type of valve is made for 400, 
600 and 900 lb. working pressure and 750 deg. total 
temperature, specially designed to allow a minimum 
drop in pressure through the valve. 

The improved Chapman motor valve unit was shown 
in an operating display by Chapman Valve Mfg. Co., 
consisting of a 14-in. chrome nickel steel gate valve, de- 
signed for 1350 lb. working steam pressure, and total 
temperature of 1000 deg. This new motor unit is de- 
signed to be weatherproof and steam tight, to have no 
drift, and the general construction of the unit ex- 
tremely simple, as the reduction gear train consists of 
only two pinions and gears. 


croft power control valve for high pressure work. This 
is now made with a removable seat and designed to give 
easy access. 

Crane Co. exhibited a 16-in. cast-steel valve, as used 
at one of the large central stations. This is designed 
for 900-lb. operating pressure, 750-deg. total tempera- 
ture, and for motor operation if desired. The valve was 
sectioned to show the cleanness of metals and the uni- 
form metal thickness of the various parts. 

A high capacity pop safety valve, to operate at 600- 
Ib. pressure, with superheated steam of any tempera- 
ture, was exhibited by Ashton Valve Co. In this valve 
the feature of the design is that the spring is entirely 
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outside the valve body, thus removing it from the zone 
of high temperatures, when used with superheated 
steam. 

The Edward Valve & Mfg. Co. displayed forged 
steel globe valves in the new offset design in sizes of 2 
in. and smaller for pressures up to 900 lb. and two or 
three specimens of the high pressure cast-steel valves 
and the Ferac non-return globe and angle valves. 

At the booth of M. W. Kellogg Co. was shown a new 
model of the parallel slide gate valve in the 10-in. size. 
These are made for 400-lb. or higher pressure operation, 
750-deg. temperature, designed for air or electric opera- 
tion. On the Dean swing gate valve, which was also 
exhibited here, a new type of air motor was shown with 
a new limit switch construction. Another interesting 
feature was the valve body for the Dean swing gate 
valve, forged from a piece of seamless steel tubing. 

Everlasting Valve Co. called attention to an impor- 
tant improvement in the Everlasting valve. This valve 
has been equipped with a new type dise spring wound 
in a conical spiral and provided with a spherical apex 
which bears against the valve disc so that the dise can 
be allowed to rotate, as is necessary with the Everlast- 
ing valve, while it is being drawn across its seat. 

G. M. Davis Regulator Co. displayed a new and 
modified form of its wing disc check valve. The old 
model had the parallel seat for the wing and the new 
model has seat wings to insure tightness, and prevent 
loss of pressure. 

Midwest Piping & Supply Co. exhibited a new type 
joint for 600, 900 and 1350-lb. pressure, known as the 
Globack joint. These have spherical back spaces on the 
lap of the existing Sargol tongue and groove and the 
male and female VanStone joint. The flange contact 
surface is also spherical to provide thick metal at the 
lap to give a stiff lap and to provide uniform distribu- 
tion of the bolting pressure, while the resultant of 
bolting force is shifted toward the pipe wall. 

Henry Vogt Machine Co. had an exhibit of its rivet- 
ing work in sizes up to 2%4-in. plate, as done by the 
new large size riveter in its shop. Designed primarily 
for oil refinery service and cracking work, a new drop 
forged steel return bend, designed for 1000-lb. working 
pressure, 900-deg. total temperature, was also shown, 
in addition to globe and gate valves made to the new 
1350-lb. A. E. 8. C. standard. 

‘‘Hypressure Jenny’? was shown by Homestead 
Valve Mfg. Co. together with an offer of a prize for the 
best suggestion for using it. This equipment is a new 
development designed to make steam quickly and carry 
along with the steam some sort of cleaning medium. It 
has been applied to cleaning grease from various sur- 
faces, thawing equipment, and removing ice and snow 
and similar uses. A new Homestead Ross shutoff valve 
was also displayed. 

At the booth of The Wm. Powell Co. a new line of 
iron body valves for 125-Ib. pressure was shown. The 
features of this valve are its large hand-wheel and im- 
proved disc and seat construction. Special attention 
was ealled to the iron and nickel mixture used in its 
construction. It is bronze trimmed throughout. 

Grinnell Co. had on display its newly developed line 
of triple XXX products for super power piping. These 
included offset bends featuring the various types of 
joints and pipe supports, covering protection, saddles 
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and various types of fittings. Special attention was 
called to the lap joints upset and designed to preserve 
the full strength of the metal and to the braze welding 
and lap joints of brass pipe that were shown. 

Kieley & Mueller, Inc., called attention to a new 
automatic water feeder with electric switch mechanism 
to cut out the pump in case of low water. This is de- 
signed for application with oil burning equipment. A 
new low-pressure damper regulator for service up to 
15-lb. pressure was also featured, together with the 
Kieley Hi-lo boiler feed return trap system for laundries 
and an extra heavy piston pilot regulating valve for 
high-pressure service. 

Full length ‘‘National-Shelby’’ seamless boiler tubes 
were shown by National Tube Co. 

A new corrugated expansion bend was featured by 
Pittsburgh Piping & Equipment Co. This is designed 
for flexibility and short radiuses and is designed to be 
bent on less than two pipe diameters if necessary. The 
design is intended to maintain uniform thickness of 
wall without reducing the internal area of the bends. 

The Badger flangeless expansion joint was displayed 
by E. B. Badger & Sons Co. This is designed for use 
in welded pipe lines and is of the packless type and per- 
mits the installation of the line uniform at the joints, 
all welded with no flanges. 

Instant Water Heater Co. displayed the new Instant 
flow control for controlling the steam supply to Instant 
copper tube steam water heaters. This is placed ia the 
cold water supply line leading to heater and connected 
by a rod with the steam pressure reducing valve or 
balanced steam valve. 

Examples of pipe bends made by new process were 
shown by the Pipe Bending Process Co. These are de- 
signed to have uniform thickness of wall, smooth sur- 
face and small radius and absolutely circular cross 
sections. 

Walworth Co. displayed a 4-in. model of its 400-lb. 
pressure Sigma steel valve with a new design of disc. 
No guide is used and the dise is designed for stream 
line flow to minimize cutting effects. Data on valves 
for pressures up to 1350 lb. were also available. 

Marley sewage tees in new models were shown by 
Power Plant Equipment Co. These are primarily de- 
signed for sprinkling filter beds and the models showed 
the reducing shape and ell shape for this work. 

Steam Traps AND OTHER SPECIALTIES 

Warren, Webster & Co. displayed the new Webster 
drip trap, a heavy-duty trap designed for operation at 
a maximum of 10-lb. pressure for use on heating sys- 
tems. This trap includes a float-operated valve for the 
discharge of water and a thermostatic valve for the dis- 
charge of air. The trap is provided with both right- 
hand and left-hand connections and with plugs for two 
of these for variations in pipe size between 1 in. and 
1 in. 

At the booth of Bundy Steam Trap Co. interest was 
aroused by a large 4-in. boiler feeder and pumping trap 
in operation. This had a capacity of 800 lb. per dump 
and embodied ground joints and knife edge bearings to 
reduce friction, and is fitted with a dash pot to absorb 
the large amount of force when the trap dumps. 

Sarco Co., Inc., showed a new combination float and 
thermostatic trap for heating systems. This includes a 
spherical float actuating a valve, with a thermostatic 








element above it for air removal. The new type 8-75 
trap, for sterilizer work or other types of work, involv- 
ing pressures of 75 to 100 lb. per sq. in. was also dis- 
played here. 

Armstrong Machine Works announced a new devel- 
opment, in valves for its steam trap, of a special alloy 
steel for valve material. This is designed to prevent 
corrosion and cutting and after severe tests has been 
adopted as standard on this trap. 

Wright-Austin Co. displayed its Kleervu gage glass 
protector designed to safeguard boiler operators from 
the dangers of bursting gage glasses. Another new item 
of interest here was the Airxpel trap. This is a bucket 
type of trap, the principal feature of which is the pro- 
vision made to expel air. 

A. new quick opening and closing engine stop, with 
combined mechanical and electrical speed limit device, 
was shown by Locke Regulator Co. Beside this a bal- 
anced valve was displayed with removal seat and disc 
designed so that it can be removed entirely by hand 
without the use of tools. A new dead end valve for 
pressure reducing service on district heating lines was 
also shown. 

A new damper regulator was featured by Atwood & 
Morrill Co. 

Mason Regulator Co. displayed an interesting work- 
ing model of a boiler equipped with its No. 132 combina- 
tion fan regulator. This regulated a model steam engine 
driving a small forced draft fan at the same time regu- 
lating the speed of the stoker firing the boiler, so that 
as the steam pressure varied, the air and fuel supply 
was varied to suit the conditions. 

Julian d’Este Co. had on exhibit a new type of ex- 
cess pump regulator designed so that only one connec- 
tion is necessary to the device. This is made with a 
special diaphragm and construction to eliminate packing 
and levers and is finned to carry off the radiation from 
the leg. 

Frerp-WaTER CoNTROL, REGULATORS, Pump GOVERNORS, 
Ere. 

Yarnall-Waring Co., as the principal feature of this 
exhibit showed the Yarway floatless Hi-lo water column 
in various models, made for pressures as high as 1300 
Ib. per sq. in. and including the Sesure inclined water 
column. At this booth also was displayed a small work- 
ing model of the Yarway spray pond, to demonstrate 
the action and installation of the Yarway Involute 
spray nozzle and show a new louver fence. The com- 
pany also featured the new tandem arrangement for 
type C seatless blowoff valves, which is recommended 
for all high-pressure work. 

Northern Equipment Co. displayed a new type of 
water pressure regulator and feed flow valve combined. 
In this apparatus a sylphon diaphragm is used instead 
of a spring and diaphragm, thus reducing the size of the 
valve materially. Besides this the new Copes conden- 
sate drainage control system with orifice type discharge 
valves was displayed. This type is supplied for pres- 
sures of 400, 600 and 900 and up to 1400 lb. per sq. in. 

Ruggles-Klingemann Mfg. Co. featured its new line 
of solenoid operated valves and servo-motors, a new 
electric contactor mechanism for use with a selective 
switch to keep many pieces of equipment in step at the 
same time, and solenoid operated valves for d.c. and a.e. 
operation. 
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The Swartwout Co. displayed its new type of SC 
differential valve. This is designed to maintain an in- 
creased pressure across the feedwater regulating valve 
for heavy load conditions and a fixed drop for light 
load. It is designed to keep an almost constant water 
level in the boiler. 


Heat ExcHAaNnce EQUIPMENT 

Watts Regulator Co. displayed a new type of U tube 
heat exchanger. This consists of a nest of U tubes set in 
a Shell, all water ways being of copper and bronze suit- 
able for heating water, oil and gas, using steam vapor 
or hot water as the heating medium. It is made in 
capacities from 300 to 6000 sq. ft. of hot-water radiation. 

At the booth of the Fisher Governor Co., Inc., were 
shown models of the new Fisher jet mixer and cyclone 
mixer. These are used for mixing various liquids and 
may be applied as water heaters. For gasoline refinery 
work, a new sampling head was also exhibited. 

D. H. Skeen & Co., by means of a large colored 
diagram, showed the principle and details of operation 
of the Henszey deconcentrator system of continuous 
blowdown recently placed on the market by this com- 
pany. In this process the heat of the blowdown is 
recovered and the amount of blowdown controlled to be 
proportional to the load. 

At the booth of Foster Wheeler Corp., the principal 
item of interest was the new Foster sectional air heater. 
This is of the plate type with multiple unit arrange- 
ment of sections completely assembled and finished at 
the works before shipment. Here also was shown the 
latest type of three-stage steam jet air pump, and a 
chart showing the difference in area for steam flow in 
condensers, one with close tube spacing and the new 
type of Foster Wheeler condenser with the wider tube 
spacing to give preferential lanes for steam flow. 

A new design of the Type 202 Andale Oil cooler was 
shown by Andale Engineering Co. The shell and tube 
bundle of this cooler are the same as in some previous 
designs, the principal change being in the head, so that 
in order to remove the tube bundles the piping connec- 
tions do not need to be disturbed. This company also 
showed a new three-way valve, made for any pressure 
desired. 

O. E. Frank Heater & Engineering Co. announced a 
new oil cooler and heat exchanger with inlet and outlet 
passages so arranged that no piping joint has to be 
broken in order to remove the tube bundles. The unit 
is of the two-pass contra-flo type and the baffle design 
and arrangement provide for oil flow across the tubes. 


Om AND WATER PURIFIERS 


A new type of diffuser steam purifier was featured 
by Schutte & Koerting Co. in its exhibit. This was of 
the internal type and is installed in the upper part of 
the boiler drum, supported on hangers attached to the 
shell. The purifier can also be supplied as an external 
type. 

Andrews-Bradshaw Co. in exhibiting the Tracyfier 
referred to its recent acquisition of the Tracy Engineer- 
ing Co. Changes have been made in the baffles of the 
Tracyfier to make them stronger and they are now 
manufactured to a tolerance of one-half a thousandth 
of an inch. 

At the booth of the De Laval Separator Co. several 
new equipments for purifying oil were displayed. One 
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of these was a new horizontal oil clarifier with a capacity 
of 15 to 18 gal. per hr. The No. 360 turbine oil purifier 
was shown in operation with a large colored picture of 
a turbine to illustrate all the piping connections and the 
exact method of installing this unit with steam turbo 
generators. The No. 9 purifier, also displayed here, was 
stated to be the largest made, having a capacity of 1000 
gal. per hr. 
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In a new portable transformer oil purifier displayed 
by the Sharples Specialty Co., all valves and electrical 
controls are brought together at one point for the con- 
venience of the operator. There is a bypass arrange- 
ment for use with cold oil and the receiving tank for 
the purified oil is constructed to remove all air bubbles. 

BorLers, SUPERHEATERS, EcoNoMIzERS, Etc. 
The Bigelow Co. called attention to its new develop- 

















REFRACTORIES, FURNACE CONSTRUCTION AND BOILER AUXILIARIES WERE ATTRACTIVELY DISPLAYED 


Various models of complete storage and distributing 
systems for oils and commercial liquids, continuous oil- 
ing and filtering systems were displayed by S. F. Bowser 
& Co., Ine. 

Cochrane Corp. called attention to its recently de- 
veloped system of steam purification employing the ex- 
ternal type of purifier. 


ment of water wall‘surface and to its design of a com- 
bination slag screen and water-cooled bridge wall. 
Walsh & Weidner Boiler Co. displayed a section of 
its new completely exposed surface water wall for boiler 
furnaces, a new flat type high-pressure water gage of 
forged steel, a section of the company’s standard boiler 
drum construction for 450-lb. pressure and forged steel 
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headers for 1600-lb. pressure. The company’s new four- 
drum bent tube water-tube boiler was also displayed by 
sectional drawings, photographs and models. 

Erie City Iron Works displayed a complete detailed 
model of its three-drum inclined water-tube boiler, the 
principal feature of which was the Seymour water- 
cooled wall. By means of drawings the company also 
showed its new Vortex furnace designed for special 
application to HRT boilers, designed to be applied to 
existing installations to increase their capacity and 
efficiency. 

The La Mont Corp. called attention to a new appli- 
eation of the La Mont film evaporation principle in the 
La Mont film tube screen. In this the film tube ele- 
ments are arranged horizontally instead of vertically, as 
in the waste heat generator, and are mounted beneath 
the shell of horizontal return tubular boilers. 

Wickes Boiler Co. showed a model of the new Wickes 
three-drum curved tube boiler. In this boiler the two 
upper drums are steam and water drums while the 
bottom drum is the connecting link in the circulation 
system. An integral economizer section can be provided 
also if desired. Beside this boiler a section of riveted 
plate was shown to illustrate the ground rivet con- 
struction. 

In addition to data on various boiler installations, 
shown by drawings and photographs, Edge Moor Iron 
Co. displayed a new type of boiler drum that it is now 
using in its single pass boiler. This is manufactured 
for this use by M. W. Kellogg Co. The model shown 
consisted of 114-in. plates, hammer welded by a new 
process. 

For the Thermix air heater, shown by Prat-Daniel 
Corp., a new adjustable soot blower, previously de- 
scribed in detail in these columns, was especially fea- 
tured. The center line of the nozzle opening is eccentric 
and adjustable to allow for variations in spacing in the 
air heater elements. 

Blaw-Knox Co. displayed its regenerative type air 
preheater which employs the principle of reversal of air 
and waste gas flow inside the heater, the heating ele- 
ment alternately collecting the heat from the waste 
gases and transferring that heat to the incoming air. 

Springfield Boiler Co. showed a specimen of its 
boiler headers of new form. The feature of these is that 
they are made in a single steel casting for lengths as 
high as 28 tubes high. The company also showed by 
drawings its new design of boiler made for use in cen- 
tral station plants. This boiler, to be installed soon, has 
walls completely water cooled, the lower section of the 
side walls below the boiler tube banks are of the new 
bifureated tube construction. 

A new form of stack connection for its boiler breech- 
ings was shown by Connery & Co., Ine. This connection 
is made so that a portion of it can be set into the chim- 
ney, the other portion extending to be joined to the 
breeching. At this joint a new copper expansion joint 
has been provided to allow for swaying of the chimney ; 
the exhibit also included one of the company’s new air- 
cooled dampers. 

Of interest at the booth of the Babcock & Wilcox Co. 
was the new type of return bend wrought steel econ- 
omizer recently developed. Another new item displayed 
by them is the B. & W. No. 80 fire brick. This is placed 
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on the market so that the company will have complete 
equipment covering all the material used in boiler con- 
struction. A new type of high-pressure water column 
employing flat type water gages, designed for 1200-lb. 
pressure work, specimens of wrought-steel vertical boiler 
headers for 1400-lb. pressure, and Enduro and Toncan 
superheater and economizer tubes were also displayed. 

Fuller-Lehigh Co. displayed by photographs, draw- 
ings and posters, the various applications that have been 
made in prominent power plants throughout the coun- 
try, of the Bailey walls, Calumet burners, Bailey meter- 
ing feeder and similar equipment. 

Superheater Co., by means of several large drawings 
on which the position of the superheater element was 
indicated by small models of steel wire, showed the 
application of its equipment to five of the outstanding 
plants built this year. Among other new equipment 
exhibited was a specimen of the new eccentric header for 
superheaters, new types of return bends for 3000-lb. 
operating pressure, and a new form of desuperheater. 

The Air Preheater Corp., beside a scene-in-action 
showing the operation of the Ljungstrom air, préheater, 
exhibited elements taken after two years of service from 
the preheaters in the plant of the Narragansett Electric 
Light Co. to show the good condition in which these 
elements were found after this service. 

Special attention was called by the Henry Vogt 
Machine Co. to the new Vogt Class M water-tube boiler, 
designed to deliver superheated steam of sufficiently 
high superheat to be of great assistance in eliminating 
waste of drips and reducing pipe line and eylinder 
condensation. 

A working model of the new Casey-Hedges multi- 
pass water-tube boiler was displayed by the Gasey- 
Hedges Co. This is made in sizes from 200 to 2000 hp. 
and for pressures up to 400 lb. per sq. in. Examples of 
the company’s boiler construction methods were dis- 
played by specimens of riveting. 

Water Cotumns, METERS AND OTHER INSTRUMENTS 

A new type of flow meter with integrator was shown 
by Foxboro Co. In this meter changes have been made 
in the bearing on the pen shaft so that no stuffing box 
ia used and this shaft is therefore tight for pressures of 
1200 lb. per sq. in. The manometer has been redesigned 
and an automatic float submerged in mercury prevents 
excess pressure on either side of the manometer from 
blowing the mercury out of the meter. An electric 
clock operates the revolving mechanism. 

One of the features of the exhibit of Crosby Steam 
Gage & Valve Co. was the new type of double spring 
Bourdon tube pressure gage, designed for high tempera- 
tures and high pressures. A new portable gage tester 
for testing gages at pressures from zero to 3000 lb., and 
a new seating tool for reseating safety valves with- 
out removing the valve from the line were shown. 

The Paul B. Huyette Co. showed the new P. B. H. 
boiler panel for use in either the central station or in- 
dustrial power plants. This panel carries Hays CO, 
and draft recorder, Hays pointer type draft gages, a 
Bristol indicating pyrometer or recording thermometer 
and a Cochrane flow meter. 

Reliance Gage Column Co. had on display a water 
column, on which were mounted two flat type water 
gages in series. The column was forged, was equipped 
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with chrome seat, disc, bolts and studs, both water 
gage and gage cocks being designed for 1500-lb. working 
pressure. 

Ernst & Co. displayed new water columns for high- 
pressure work. These were forged steel columns with 
the holes drilled and bushings welded in. 

For the flat type water gage, the National Co., Inc., 
has brought out a new type of illuminator which illu- 
minates the water level from behind. 

At the booth of Republic Flow Meters Co. the chief 
feature of the display was the new type of Republic 
boiler meter panel. This included a multiple recorder 
for giving six individual records simultaneously on a 
wide strip chart. A new wall type chart recorder of 
the same type for obtaining three to six records for use 
where it is not convenient or desirable to install a com- 
plete panel, was also shown. Other developments were 
a liquid level recorder for low-pressure tanks and gas 
pressures and new type of thermometer element of the 
bi-metallic expansion type so designed that it gives an 
electrical indication which can be readily combined with 
the other types of indicators and recorders on the boiler 
meter panel, and permits recording or indicating of 
temperatures up to 1800 deg. 

Bristol Co. showed a new type four-pen temperature 
recorder, Model 41. The recording mechanism of this 


instrument is the same as previously except that the 
four-pen arrangement has been brought out to meet an 
increasing demand for it. New lines of instruments for 
flush mounting were also shown. 

On the new flow meter, operating on the inductance 
bridge principle, Brown Instrument Co. called partic- 


ular attention to the new forged steel manometer with 
equalizing valve outside the casing instead of inside as 
it was formerly built. 

Uehling Instrument Co. showed the Apex CO, 
recorder with a change in the drive mechanism from 
steam to electric motor. 

New Bailey control drive for operating fuel feed, 
rheostats, controllers and the like, in connection with 
boiler operation, was shown by Bailey Meter Co. In 
addition, the new Bailey electrically operated flow 
meter, formerly the General Electric flow meter, was 
displayed. 

C. J. Tagliabue Mfg. Co. showed its new steam- 
operated controller for temperature or pressure regu- 
lation. The controller is made without stuffing boxes 
and the valve has a single seat and disc. It is used for 
steam pressures from 5 to 125 Ib. per sq. in. and in sizes 
up to a 4-in. steam valve. 

American Schaeffer & Budenberg Corp. exhibited 
the new American precision barometer with electric 
zero setting and illuminated vernier. Another feature 
to which particular attention was called is the sectional 
gage board now made by this company to supply the 
rapidly growing demand for such type. Improvements 
have been made on the double dial master steam gage, 
which was shown in the 36-in. size. 

Richardson Scale Co. displayed a full-size model of 
the Richardson automatic crushed coal scale, for weigh- 
ing direct from overhead bunkers to the hopper of an 
automatic stoker or pulverizer. The scale was in actual 
operation, receiving coal from an overhead hopper, 
weighing it and then discharging to a lower hopper. 
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Builders Iron Foundry displayed a new type shunt 
steam meter which it is placing on the market in 2, 3 
and 4-in. sizes. It operates on the proportional shunt 
principle, in which part of the flow of steam is shunted 
through the meter, driving a rotor which in turn ac- 
tuates the indicating and integrating mechanism. In 
addition, a cast-steel Venturi tube for working pressures 
of 1000 lb. per sq. in. was also shown, and attention 
called to various detailed refinement in the Venturi 
meter itself. 

An interesting part of the exhibit of soot blowers 
by the Diamond Power Specialty Co. was the display of 
specimens of different deposits on tubes that have been 
found in actual installations. In addition to this a dis- 
play was arranged to show the effect of soot on heat 
transfer by means of flasks of water set on an electric 
stove. 

FANS AND BLOWERS 

Allen & Billmyre Co., Inc., exhibited a new type of 
turbo blower and exhauster in operation. This is de- 
signed for various types of furnace work, pneumatic 
conveying systems, ice plants and similar duties. It is 
equipped with ball bearings, the impellers are one-piece 
castings of aluminum alloy, and is made in sizes from 
about 100 ¢.f.m. to about 6000 c.f.m. depending on the 
pressures. 

B. F. Sturtevant Co. had on display two new models 
of draft fans for use with steam boilers, one for forced 
and one for induced draft. Each of these fans has an 
impeller of the turbo vane design, designed to be oper- 
ated by constant speed squirrel-cage motor, variations 
in pressure and volume of air handling being effected 
by adjustable vanes on the inlet side. 

At the booth of Buffalo Forge Co. was shown a new 
type of direct-connected Breezo fan for general ventilat- 
ing service. This was of the 36-in. size and especially 
designed for quiet operation for use in theatres and 
similar locations. In addition to this a new type of 
changeable and reversible volume exhauster and a new 
sewage pump, for handling raw sewage, were also 
shown. 

L. J. Wing Mfg. Co., in an attractive exhibit, showed 
a large colored drawing of the machine shop of a 
large electrical manufacturer with a small model of the 
Wing featherweight heater mounted in the picture and 
in operation, to show its method of use. They also 
showed a Seruplex fan for moving large volumes of air. 

The feature of the Elliott Co.’s exhibit was a new 
turbine-driven centrifugal blower, the type shown hav- 
ing a capacity of 13,500 e.f.m. at 114-lb. pressure. This 
was designed for drive either by steam turbine or by 
electric motor at 3600 r.p.m. The blower is built in 
capacities from 5000 ec.f.m. at 0.75-lb. gage pressure to 
29,000 ¢.f.m. at 3.5-lb. pressure. For steam-driven units 
these are obtainable for 400-lb. pressure and 700-deg. 
operation. 

For removing cinders from the flue gas the Green 
cinder trap was shown in full operation at the booth of 
Green Fuel Economizer Co. This cinder trap consists 
of a battery of elements set vertically and arranged in 
staggered double rows mounted in a frame of suitable 
design for installation in a horizontal portion of the 
flue. The cinders are trapped in the element and drop 
into the hopper below. It is stated that the draft loss 
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through the trap at a velocity of 3000 ft. per min. and 
450 deg. does not exceed 0.16 in. of water. 

Prat-Daniel Corp. exhibited models of the type 1 
and 1-A stream line stack and the type 3 stream line 
stack. Type 1 has one double inlet fan and type 1-A 
two double inlet fans. The fans are placed just at the 
base of the stack, their outlets feeding directly into it 
with no breeching connections. The type 3 stream line 


stack, ejector type, is for draft up to 1.5 in. of water. 


January 1, 1928 


struction designed to increase strength and provide a 
spacer between sections of the gratings. 

Blaw-Knox Co. displayed security steel grating and 
flooring of the electro forged type made by placing 
twisted bars across the top of the bearing bars and 
welding them in place. 

Antislip walkway surface materials were exhibited 
in working construction by American Abrasive Metals 
Co. 
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NEW AUXILIARY DRIVE TURBINES, FANS AND BLOWERS AND ELECTRICAL EQUIPMENT 


Disk fans, designed to develop high static pressure 
with high efficiency, were shown by De Bothezat Im- 
peller Co., Inc. They are designed for installation in 
ducts in ventilating systems and are made in capacities 
of 100 c.f.m. to 10,000 ¢.f.m., driven by motors of one- 
fiftieth to 2 hp. 

GRATINGS AND Stairways, Etc. 

Irving Iron Works Co. called attention to its stream 
line design of Irving open subway grating designed to 
produce a continuous floor over the entire area. 

Mitco interlocked steel grating and Miteo Shur-Site 
stair treads were displayed by Hendrick Mfg. Co. 

Trilock Co. called attention to the new edgebar con- 


At the booth of American Blower Co. was shown an 
extensive exhibit of the Sirocco flue dust collector for 
removing fly ash from exhaust flue gas of powdered 
fuel plants or other fuel burning plants. The collectors 
also have many applications to various industrial and 
chemical processes. The exhibit was arranged so that 
these models could be operated to remove any type of 
dust that might be inserted with the inlet air. 

The Hydrojet system of ash handling was shown by 
the Allen-Sherman-Hoff Co. by means of two scene-in- 
action pictures. The second of these was new at this 
exhibit and showed the ash being discharged to a sump 
by the hydrojet, and pumped or removed by truck. 
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Pennsylvania Crusher Co. called .attention to im- 
provements in the Armorframe crusher including steel 
frame construction, improvements in the breaker plate 
and other features. 

A working model of a coal tipple, displayed by 
Frederick Iron & Steel Co., included a working model 
of revolving roll separator for sizing of coal. 

HEATING AND AIR CONDITIONING EQUIPMENT 

Clarage Fan Co. displayed two new types of unit 
humidifiers. In one type, designed primarily for in- 
dustrial service, the unit is designed to be full auto- 
matic with thermostatic control and of heavy and 
rugged design work. The second unit is designed espe- 
cially for bakeries and other applications of that type 
for installation where it is desired to have the unit out- 
side the room. 

Drake Non-Clinkering Furnace Block Co., Inc., also 
showed the Simplesse gas burner for household installa- 
tion. This is fired by gas and is designed for installa- 
tion in existing furnaces, the principle employed being 
heating a substance with high radiation properties which 
in turn heats the boiler furnace. 

Of special interest to heating engineers at the booth 
of Carrier Engineering Co. was the new gas fired hot- 
air heater intended for domestic use, the model shown 
being designed for a six-room house. Beside this a new 
unit air conditioner was shown for humidifying, heat- 
ing, de-humidifying, cooling, air washing and providing 
air circulation for all types of industrial application. 

MEcHANICAL EQUIPMENT 

In addition to the new Toledo Universal power drive, 
recently described in these columns, Toledo Pipe 
Threading Machine Co. showed a new type of gear- 
driven cutter. The cutting head is driven by suitable 
gearing in such a way that when the power drive is con- 
nected to the pinion, the tool can be backed off the pipe 
by reversing the motor. 

Oakite Products, Inc., by charts and blueprints dem- 
onstrated the application of Oakite cleaning materials in 
power plants, showing specimens of gas meters that 
have been cleaned with this material. This can be ap- 
plied to the cleaning of oil coolers, surface condensers 
and other similar equipment. 

Trill Indicator Co. had on display two newly de- 
veloped types of continuous card indicators for steam 
engines. 

D. O. James Mfg. Co. showed two new types of speed 
reducers, one of these a heavy-duty worm gear speed 
reducer designed for elevator, conveyor or process ma- 
chine drives, the second a herringbone speed reducer 
supplied in all ratios from 2 to 1 to 150 to 1 and from 1 
to 1000 hp. and over. These are made in single and 
double stages, according to the ratios. 

Albaugh-Dover Co. had on display a speed reducer 
for a ratio of 800,000 to 1. This is, of course, far in 
excess of the ratios ordinarily needed and was made 
from one of its regular models by changes in some of 
the gears. The slow speed shaft of this unit made one 
revolution in 457 min. This is of the worm and spur 
gear type and in the models demanded for commercial 
work is ordinarily made in smaller ratios, although it 
ean be made in larger ratios if desired. 

Insulating Products Corp. showed a new insulating 
product called Diamite, a specially prepared diatima- 
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tious earth for high temperature insulation. This was 
shown installed in a section of refractory wall in the 
powder and calcine form and also in calcined brick. In 
the caleine form it is used for temperatures up to 2200 
deg. F. é 

In an attractive booth the Garlock Packing Co. dis- 
played the new Garlock oil return metal packing, known 
as the Garlock 800, recently described in these columns. 
Specimens of the new Garlock cord plugs for condenser 
tube cleaning, as recently described here, were also ex- 
hibited. 

Snap-On Wrench Co. demonstrated new types of 
sockets and shanks for power nut driving machines and 
a newly developed wrench set for work in close quarters. 


Clements Cadillac portable electric blowers and vac- 
uum cleaners for factory and power plant dust removal 
were featured by Clements Mfg. Co. 

Manzel Bros. Co. had a working model of its new 
timing lubricator especially designed for Diesel engines. 
This is designed so that oil for lubrication will get to 
each cylinder at the proper point in the stroke depend- 
ing on the type of engine involved. 

Keystone Lubricating Co. exhibited its new type of 
Keystone pneumatic safety lubricator for putting pres- 
sure on the lubricant for distribution from a central 
safety station of grease control. 


A new model of the Lo-Hed electric hoist, in one- 
quarter-ton size, was shown by American Engineering 
Co. It has a pressed steel frame designed for strength 
in operation and for better manufacturing methods. 
The hoist weighs 200 Ib., has a high speed of 40 to 80 ft. 
per min. with d.c. and 40 ft. per min. with a.c. electric 
power. The company is offering three prizes of radio 
sets and kodaks for the best name for this new hoist and 
those who wish to enter this contest can secure full in- 
formation about it from the company. 

Refinements in the design of the new Morse chain, 
known as No. 55 type, were shown at the booth of Morse 
Chain Co. A new rocker joint for this type of chain 
has been designed to provide a better balanced joint and 
to reduce wear.: Changes in the contour of the rocker 
pin and an increase in cross section of seat pin have 
increased the strength 50 per cent and the joint is some- 
what heavier. 

Timken Roller Bearing Co. displayed one of its new 
types of double roll bearing, 5 by 115% in. in size, as re- 
cently applied to railroad cars by several companies. 
Beside this was shown a double roll, self-contained bear- 
ing, of smaller size but of the same general principle. 


One of the most interesting items at the show was 
the demonstration of the new Bethehem torque amplifier 
and backlash eliminator for securing amplification of 
torque with absolute synchronism. The control shaft is 
actuated by any mechanical or manual control means or 
by such weak forces as can be delivered through elec- 
trical recording instruments, or similar devices such as 
the Selsyn motor, and the work shaft is directly coupled 
to the work to be done, as for instance, elevating or 
training a gun, working a ship’s rudder or the steering 
wheel of an automobile. Devices already constructed 
and exhibited at the show, ranged from 1 to 10 up to 1 
to 100, but amplifiers have been built with amplifica- 
tions of 1 to 50,000. Bethlehem Steel Co. also had on 





POWER PLANT 


98 ENGINEERING 


display the full size, No. 2 Bethlehem pulverizer in 
operation of a capacity of about 8 t. 

Reeves Pulley Co. displayed a new type of vertical 
Reeves drive, based on the same principle as its other 
drives but designed for different applications where 
space does not permit the use of the horizontal type. 
Other new features of this equipment are the Reeves 
electrical remote control and the Reeves compact motor 
drive, consisting of a constant high-speed motor 
mounted on the standard motor base above the Reeves 
variable speed transmission. 

The Godffrey oxygen jet cutting machine was dis- 
played by the Hubar-Jones Corp. This machine em- 
ploys a cutting flame suspended on a swinging arm 
over a table in such a way that it can be used to cut 
materials laid on the table. It is designed to cut steel 
with accuracy and at a speed from 8 to 30 times faster 
than a hand saw. 

Alexander Bros. displayed a new form of the Ten- 
tacular belt consisting of leather belting to the under 
surface of which is attached narrow longitudinal strips 
of specially made chrome tanned leather, held in place 
by hollow brass rivets strongly clinched into the chrome 
leather. 

New types of electric industrial high and low lift 
trucks were displayed by the Yale & Towne Mfg. Co. 
One of these is the new Yale three-ton K 25 high lift 
truck. The drive unit is of the double reduction spur 
gear type mounted on Timken bearings with a full float- 
ing axle shaft driving the wheels through enclosed ball 
joints, the hoist unit is totally enclosed and runs in oil. 

In a new line of speed reducers, exhibited by W. A. 
Jones Foundry and Machine Co., attention was called 
to improvements over previous types of reducers. These 
are now fitted with roller bearings on the worm shaft, 
have a heavier housing, greater oil capacity, they are 
made in various sizes from fractional horse powers up 
to 200 hp., depending on the speed and gear ratios 
desired. 

Dodge Mfg. Co. had a working exhibit of Dodge 
material handling conveying equipment for belt con- 
veyors. These are equipped with roller bearings, special 
provision of grease fittings are made to provide for 
thorough lubrication. The rolls are designed to be re- 
moved from the idler without the use of tools and the 
two inner rings prevent escape of lubricants, at the 
same time seal the bearings from the atmosphere. 

At the booth of C. H. Wheeler Mfg. Co. the principal 
item of interest was the Radojet air pump. In this 
pump, water in the condensate section flows around 
vertically arranged tubes, while in the cold water section 
circulating water flows through the vertically arranged 
tubes. The two stage pump is suitable for vacua be- 
tween 26 and 29 in. though vacua up to 2914 in. have 
been obtained. Another new item shown was the Leach 
Fracto condenser for separating several distillate frac- 
tions by adjustment and control of one or more cooling 
mediums in the different vapor compartments. 

The feature of Griscom-Russell Co.’s exhibit was 
the newly developed G-R Tubeflo type of heat exchanger 
_ designed primarily for use in the oil industry with coal 
tar distillate. This was shown by a quarter scale model 
to illustrate the semi-steel construction designed to resist 
the corrosion action of the materials to be handled. 
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News Notes 


THE Swartwout Co., Cleveland, Ohio, has opened a 
southern office at 759 Peach Tree St., N. E., Atlanta, 
Ga., in charge of P. H. Nichols. 


JAMES D. CUNNINGHAM, president of the Republic 
Flow Meters Co., Chicago, has been elected president of 
the Illinois Manufacturers’ Association. This organiza- 
tion is made up of 3000 individual member firms, inelud- 
ing 10,000 executives organized to further the interests 
of all industries in the state of Illinois. 


On NovemMBER 27, William Byron Rufe, secretary of 
Jenkins Bros. of New York and of Jenkins Bros., Ltd., 
of Canada, died in Brooklyn, N. Y. Mr. Rufe was born 
in Lehigh County, Pa., 56 yr. ago. At the age of 15 
he went to New York and shortly afterward was em- 
ployed by Jenkins Bros. as their first stenographer. He 
became secretary of the firm on incorporation in 1907 
and in January, 1928, would have completed 40 yr. of 
service. - 


THE Staten IsLAND SHIPBUILDING Co. has formed 
a division for the manufacture of heat transfer appa- 
ratus. This division will be known as Heat Transfer 
Products, Ine., and will have its headquarters at 90 
West St., Room 509, New York City. The main plant 
of the company is located at Mariners Harbor, Staten 
Island, New York City. The chairman‘of the board is 
William J. Davidson, who is president of the Staten 
Island Shipbuilding Company, while George T. Jacocks, 
former vice president and works manager of the Whit- 
lock Coil Pipe Co., Hartford, Conn., has been elected 
president and general manager. Sylvan J. Crocker has 
been elected vice president in charge of engineering. 
The company will manufacture all types of heat trans- 
fer equipment, such as water storage heaters, feedwater 
heaters, bleeder heaters and the like, which have been 
manufactured by its parent company for many years. 


Atonzo G. Kinyon, consulting engineer with the 
Fuller Lehigh Co., Fullerton, Pa., died on November 13, 
following an operation at the Johns Hopkins hospital. 
Baltimore, Md. Born in Amboy, IIl., in 1870, Mr. Kin- 
yon early became associated with railway work in various 


stages. During this time he was identified with devel- 
opments in the fuel burning equipment and fuel con- 
servation practice of the various railway companies. In 
1915 he turned his attention to pulverized fuel and was 
so impressed with its possibilities that he organized the 
Kinyon Pulverized Fuel Engineering Co. to work out 
applications of it for hotel and apartment use. In Sep- 
tember, 1918, he became associated with the Fuller 
Lehigh Co., with which he continued until his death. 
Mr. Kinyon’s outstanding contribution to the pulverized 
fuel field was the invention and development of the 
Fuller-Kinyon conveying system for transporting pul- 
verized material. In recognition of his work he was 
awarded the Longstreth Medal on November 11, 1926, 
by the Franklin Institute, as well as life membership 
in that organization. Besides this affiliation, he was a 
member of the Traveling Engineers, International Rail- 
way Fuel Association and American Society of Mechan- 
ical Engineers. 
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CocHRANE Corp., Philadelphia, Pa., announces the 
appointment of Cochrane Sales Co., Inc., Room 1478, 50 
Church St., New York, as its representative for the sale 
of Cochrane equipment, succeeding F. E. Idell, deceased. 
The officers of the Cochrane Sales Co., Inc., consist of 
F. B. Sage, A. R. Foote, W. W. Montalvo, Jr., who for 
a long time have been associated with Mr. Idell. 

FOUNDRY BUILDING of the new plant of the Standard 
Calorimeter Co., 52nd St. and Fifth Ave., Moline, II1., 
is nearing completion but the machine shop will not be 
ready for operation until in the spring. S. W. Parr 
is president of the company and Anna J. Anderson, sec- 
retary. 

THE ILLINOIS Power & Licut Corp. has inaugurated 
a sales policy at the Danville, IIl., office, which officials 
claim is the ‘‘last word’’ in service and sales. E. A. 
Ravencraft, sales manager, has organized a corps of 14 
experts, to each of whom 1500 gas and electric con- 
sumers are assigned, and these will spend their entire 
time visiting customers, covering their rounds every 60 
days, to impress the customers with the personal interest 
the corporation is taking in the service furnished, to 
adjust immediately minor faults or complaints and to 
encourage distribution of appliances. 

THE SAMUEL INSULL interests have acquired the 
holdings of Col. Ira C. Copley, founder and developer 
of the Western United Gas & Electric Co., Aurora, IIL, 
and removed the 30-mi. belt of utilities companies which 
separated the Insull Chicago interests from its down- 
state corporations. The Western United will maintain 
its name and organization under the Insull management, 
it is announced. 

THe CotumBiA Gas & Etectric Co., Cincinnati, 
Ohio, has concluded arrangements for the purchase of 
the gas properties of the Cities Service Co. at Toledo, 
Sandusky, Medina, Alliance and other points in Ohio, 
and will take over the plants and systems at an early 
date. 

THE Unitep Gas IMPROVEMENT Co., Philadelphia, 
Pa., and the Philadelphia Electric Co. of the same city 
have filed application with the Pennsylvania Public 
Service Commission for permission to consolidate prop- 
erties and interests. The combined capitalization of the 
two utilities will exceed $200,000,000. 


THE FIRST LARGE single-cylinder turbo-generator for 
service south of the Mason and Dixon Line is now being 
manufactured in the Schenectady shops of the General 
Electric Co. Rated at 60,000-kw. capacity, this unit will 
be the initial installation in a new station being built 
by the Dixie Construction Company near the site of the 
present Gorgas station of the Alabama Power Co. near 
Birmingham, Ala. The turbine of the new unit will 
operate at 400 lb. gage pressure, 725 deg. F. and the 
generator will be of the totally enclosed externally ven- 
tilated type, delivering 66,667 kv.a. at 13,800 v., 60 
cycles, three phase, 90 per cent power factor. 


Frank E. Ipexu, New York representative of the 
Cochrane Corp., died at his summer home in Allentown, 
N. J., on September 29, 1927. Mr. Idell was a gradu- 
ate of Stevens Institute of Technology in the class of 
‘(7 and soon after his graduation took up the profession 
of consulting engineer. In this capacity he planned and 
superintended the erection of a great many central sta- 
tions and industrial plants. His connection with the 
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Cochrane Corp. began in 1887 when that concern was a 
partnership under the name of Harrison Safety Boiler 
Works. Mr. Idell was a member of the American So- 
ciety of Mechanical Engineers and many other technical 
and social organizations. 


THe CauirorNiA State DEPARTMENT OF PUBLIC 
Works, Bureau of Water Rights, Sacramento, has 
granted permission to a group of interests to construct 
and operate a hydroelectric power plant consisting of 
three individual units in Trinity County. Those in- 
terested include C. S. Freeman, Los Angeles; P. W. 
Porter, Sacramento; and J. H. Knapp, Helena, Trinity 
County. The total capacity to be developed will be 
about 130,000 hp. and actual construction is expected 
to begin in December. 


JAMES S. ANDERSON, superintendent, Madison Coal 
Corp., was elected president of the Illinois Mining Insti- 
tute at its annual meeting at Danville, Ill., last week and 
other officers were chosen as follows: John E. Jones, 
West Frankfort, first vice president; Prof. A. C. Callen, 
college of engineering, University of Illinois, second vice 
president; Frank F. Tirre, St. Louis, secretary-treas- 
urer; Thomas Bach, Canton; A. D. Lewis, Springfield ; 
John A. Garcia, Chicago; J. A. Jeffries, St. Louis; 
Bruno F. Meyer, Staunton; Joseph D. Zook, Chicago; 
Sam T. Jenkins, St. Louis; C. C. Wilcox, East St. Louis; 
David Rook, Danville; B. E. Schonthal, Chicago; John 
F. Rodenbush, West Frankfort; S. W. Starke, Taylor- 
ville, executive committee. 

Capt. Bruce WILLET BENeEpICcT, director and man- 
ager of the shop laboratories in the department of me- 
chanical engineering, University of Illinois, died sud- 
denly on Nov. 21, at his home in Urbana, Ill. He was 
at one time editor of the Railway Master Mechanic, 
supervisor of shop production for the Atchison railroad, 
with the Army staff college, A. E. F., at Langres over- 
seas, and later the British and French tank corps. Ex- 
cept for the war service he had been associated with the 
University of Illinois staff since 1912. 

THE INTERNATIONAL Paper Co., 100 E. 42nd St. New 
York, has plans for a new hydro-electric plant on the 
Saranac River near Kents Falls, New York, about 1214 
miles from Plattsburg, to have an initial capacity of 
8000 hp. and an ultimate capacity of 12,000 hp. It is 
expected that the new station will be ready for service 
next summer. 

HARBISON-WALKER REFRACTORIES Co. announces that 
contracts have been let for four direct fired tunnel kilns, 
two to be built at the Templeton, Pa., plant and two 
at Clearfield, Pa. Including steel and concrete build- 
ings and necessary equipment, this involves an expendi- 
ture of approximately $1,300,000. The new kilns have 
been designed by American Dressler Tunnel Kilns, Inc., 
Cleveland, Ohio, and will be erected by William Swin- 
dell & Brothers, Pittsburgh, Pa., an associate company. 

THE San ANTONIO Pus.ic Service Co., San Antonio, 
Tex., is planning a new steam generating plant to pro- 
vide for an increase of about 40,000 hp. in its present 
output. Two propositions are under consideration, one 
covering an addition to the power plant of the Comal 
Power Co. at New Braunfels, Tex., the other for an 
individual unit of about 40,000 hp. capacity on the 
Guadalupe River near Seguin, Tex. W. B. Tuttle is 
president of the San Antonio Co. 
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Borer Freep Water PuriFicaTIon, by Sheppard T. 
Powell; 363 pages, 6 by 9 in., cloth, 1927; McGraw- 
Hill Book Co., New York City; $4.00. 

For some time there has been an urgent demand for 
a text on boiler feed water purification in which modern 
methods of treatment are adequately discussed. The 
above text, which has just been issued, fulfills this need 
in every way. 

Written by a chemical engineer of wide experience, 
who is chairman of the Joint Research Committee on 
Boiler Feedwater Studies of the Engineering Societies, 
the book has an authoritative backing. The purpose of 
the author is to present such basic facts concerning 
feedwater treatment as may assist the designing engi- 
neer in the selection of the appropriate type of treat- 
ment and may aid the operating engineer, upon whom 
is placed the responsibility, in controlling the system 
most efficiently. 


Based upon the fact that treatments required for 


different waters vary greatly and upon the best modern 
practice in which combinations of methods rather than 
a single process is used, the author has covered all of 
the various treatment methods in such a simple manner 
that the work should be of immediate use to all who 
have feedwater problems, as well as to those desiring a 
text on water treatment for college classes. The text 
is well illustrated with table and charts, as well as de- 
seriptive cuts. 

Besides bringing the usual field of tests and treat- 
ments up to date, the author has included chapters upon 
such subjects as Water Softening by Zeolites, Evapora- 
tors, Deaeration of Feedwater, Corrosion and Embrittle- 
ment of Boiler Metal. The work represents the last 
word in modern boiler feedwater practice. 


B. F. Sturtevant Co., Hyde Park, Boston, Mass., 
has just issued one of the most complete descriptions of 
the new Holland vehicular tunnel that has ever been 
published. It is entitled ‘‘The Eighth Wonder”’ and is 
a 64-page, well illustrated book in an attractive cloth 
binding. Beginning with a general discussion of the 
origin and construction of tunnels, the story tells of the 
conception of the Holland Tunnel, named after its first 
chief engineer, Clifford Milburn Holland, who literally 
gave his life to the work. Design and construction of 
the tunnel are described with great clearness and copi- 
ously illustrated with actual photographs of the work. 
Its construction and present operation involve some of 
the greatest problems in ventilation that have yet been 
presented to ventilating engineers. The ventilating fans 
were supplied by B. F. Sturtevant Co. as well as a great 
deal of the auxiliary equipment, and the company con- 
ducted much research work, together with the tunnel 
engineers in the design of the ventilating system. ‘‘The 
Eighth Wonder’’ however, does not confine itself to a 
discussion of this subject, but treats the entire tunnel 
as the marvel of engineering design and construction 
that it really is. It should prove of great interest to 
every engineer. 

Tue AMERICAN Hoist & Derrick Co., 63 S. Robert 
St., St. Paul, Minn., in a recent 8-page booklet describes 
high speed electric hoists for steel erection, concrete 
tower work or general contractors’ use. 
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ComMBUSTION ENGINEERING Corp., 200 Madison Ave., 
New York, N. Y., is issuing a bulletin containing a re- 
print of an article on Aims and Tendencies in Steam 
Generation and Combustion Engineering,. by Martin 
Frisch. 

THe Bristot Co., Waterbury, Conn., has just issued 
a new bulletin, No. 362, on the subject of Bristol’s Re- 
cording instruments in the power plant. This bulletin, 
prepared for initial distribution at the New York Power 
Show, describes and illustrates the various types of in- 
struments and tells the purposes for which they are 
used in the modern power plant. 

THE IpEAL Exectric & Mre. Co., Mansfield, Ohio, 
in its new alternator bulletin, No. 151, gives full in- 
formation concerning the six different types of alterna- 
tors that it manufactures. Outline dimensions are ob- 
tained directly from rating and the flywheel effect re- 
quirement for engine-driven alternators is explained. 


C. J. TacuiaBuE Mra. Co., 18 to 88 Thirty-third St., 
Brooklyn, N. Y., has just issued bulletin No. 950 de- 
scribing the Tag Automatic Steam-Operated Controller. 
This is designed to give accurate and dependable tem- 
perature regulation where steam is the heating medium, 
by causing the steam itself to operate the controller. 

McCuave-Brooxs Co., Scranton, Pa., has just issued 
an illustrated bulletin describing the McClave-Brooks 
bituminous chain grate Stoker for natural draft or 
forced draft and for all grades of bituminous and 
lignite fuels. ; 

Auuis-CHALMERS Mre. Co., Milwaukee, Wis., in 
bulletin No. 1142, describes Engine Type Direct Current 
Machines. 

Toe Dampney Co. or America, Hyde Park, Boston, 
Mass., in its recent bulletin, No. 1132, describes the uses 
and application of Apexior Number 3 for hot-dry or 
cold-wet metal surfaces, such as boiler fronts, piping, 
cold water tanks and the like. 


THe StockHam Pires & Firtines Co., Birmingham, 
Ala., has issued the new Stockham Steel Book, a catalog 
of its new line of cast steel flanges and fittings, con- 
taining also complete engineering data tables for piping 
calculations. 

HoMEsSTEAD VALVE Mra. Co., INc., Homestead, Pa., in 
a 52-page, well illustrated bulletin, No. 34, describes all 
types of Homestead valves. Listed for the first time in 
this catalog is the Homestead protected seat hydraulic 
operating valve with remote control attachment. 


THe Curter-Hammer Mre. Co., 191 Twelfth St., 
Milwaukee, Wis., has just issued an interesting illus- 
trated booklet entitled ‘‘When Industry Says Stop.’’ 
This is a discussion of magnetic brakes, showing the 
construction and operation of all types of magnet 
brakes, both for a.c. and d.c. and the exact size and 
type of brake for use with various types of mill and 
crane motors. 

Atuas Conveyor Co., 20 S. Fifteenth St., Philadel- 
phia, Pa., in a recent bulletin describes and illustrates 
Atlas ash hoppers and furnace bottoms. 

GeneERAL Exectric Co., Schenectady, N. Y., in recent 
one-page leaflets, describes magnet frames, gears, ball 
bearing motors, capacitors, relays and manually op- 
erated field switches. 





